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OME years ago Halsted made the 
G statement that all that is thought new 
in medicine may not be new but 
merely rediscovery and elaboration. The 


major advances in medical knowledge are 
rarely the work of one individual but the 
culmination of the work of many, for the 
investigators have, as a rule, used the 
framework laid by other workers to erect 


the superstructure. It too frequently hap- 
pens, however, that we are unaware of 
much that has been done in related fields so 
that the application of the discoveries to 
our own work is for a time completely over- 
looked. 

The investigations of Beaumont (1), 
London (2), Cannon (3), Cole (4), Forssell 
(5), and a host of others are of direct inter- 
est to roentgenographic practice, and yet in 
the main they have aroused comparatively 
little interest among roentgenologists. In 
the forty years that the opaque meal has 
been utilized for gastro-intestinal visualiza- 
tion, there has resulted no general recogni- 
tion of application to roentgen practice of 
much of the fundamental work which has 
been contributed by investigators, for even 
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now there is no standardization of the tech- 
nic employed in gastro-intestinal investiga- 
tion. The influence of the consistency of 
the meal has received scant attention. The 
even greater effect on the gastro-intestinal 
tract of the vehicle for the barium has as 
yet hardly been considered. The divergent 
practice which results in the use of water, 
normal saline, buttermilk, malted milk, or 
whole milk as a vehicle for the barium meal 
indicates a lack of thoughtful consideration 
of a very important problem. 

If roentgenographic exploration is to 
keep abreast of the modern advances in the 
medical sciences it must take cognizance of 
the results of investigative work which in- 
fluence roentgenologic practice. This was 
brought home to us very forcibly a short 
time ago in regard to the motor meal which 
is still in use in many departments. In 
Figure 1-A is shown the gastric emptying 
and the small intestinal pattern in a normal 
individual two hours after ingestion of a 
water-barium meal. In Figure 1-B the 
water-barium was ingested together with 
five ounces of black coffee and a slice of 
toast. The time for gastric emptying was 
three hours and fifteen minutes. The addi- 
tion of cream to the coffee, two strips of 
bacon, and a fried egg resulted in a gastric 
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Fig. 1-A. 

Fig. 1-A. Control water-barium meal. 
stomach required 3 hours and 5 minutes to empty. 
hours. 

Fig. 1-B. Same individual. 
black coffee and a slice of dry toast. 
15 minutes to empty. 


cecum until three and one-half hours after ingestion of the meal. 
Note the “‘snowflaky”’ appearance of the upper jejunum 


contents is slightly different from that of Figure 1-A. 


Fig. 1-B. 

Exposure made 2 hours after the ingestion of the meal. 
The opaque meal entered the cecum in one and one-half 
Note the distribution and pattern of the opaque meal in the small intestine. 


The 


The meal consisted of water-barium to which had been added 5 ounces of 
The time of exposure was 2 hours. 
The contents took longer to pass through the small intestine, and did not reach the 


The stomach required 3 hours 


The distribution of the small intestinal 


and also that the contents have not entered the cecum as yet. 


emptying time of over four hours and fif- 
teen minutes, with a marked change in the 
small intestinal pattern (Fig. 2). Daily, 
roentgenologists are reporting gastric re- 
tention under similar conditions, with the 
implication that such findings are of special 
significance. 

It is with the hope of interesting our 
readers in a more rigid standardization of 
the technic employed in gastro-intestinal 
examination, that we are presenting some 
observations on the gastric emptying time 
and the small intestinal pattern under a 
variety of conditions. 

The small intestinal pattern in normal 
individuals must, under the conditions of 
study with an inert substance such as a 
water-barium meal, result from the primary 
preformed folds described by Kerkring and 
the secondary induced folds of Lesshaft. 
The small intestine not only plays a major 


role in preparing foodstuffs for disgestion, 
but it also is the portion of the gastro- 
intestinal tract which is most active in the 
absorption of the products of digestion. 
Forssell (5) believes that during digestion, 
digestive compartments and digestive al- 
veoli are formed as a consequence of what 
he has termed the autoplasty of the mucous 
membrane. A variety of small intestinal 
patterns may result not only from varia- 
tions in the muscle tonus, but also in re- 
arrangements of the mucous membrane 
folds. 

Observations which we have previously 
reported (6) indicate that the small intesti- 
nal pattern will vary considerably depend- 
ing upon the composition of the foodstuff 
the intestine receives. It varies also with 
the consistency of the meal, its size, the 
gastric emptying time, and the tonicity of 
the intestinal tract. Furthermore, data 
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have been collected by ourselves and 
others which indicate that certain patho- 
logic conditions only indirectly affecting 
the intestinal tract may cause a very pro- 
found change in the small intestinal pat- 
tern. 

The small intestinal pattern is, therefore, 
subject to many variations from a variety 
of conditions, and may be assumed to vary 
depending upon the circumstances imposed 
upon it at any given period. The realiza- 
tion that such changes may be normal 
under the conditions of study is of the ut- 
most importance in interpreting the results 
of roentgenographic exploration. 

The Effect of Foodstuffs on the Small In- 
testinal Pattern.—In the studies which we 
are reporting, the standard water-barium 
meal consisted of five ounces of barium and 
from three to five ounces of water which 
had been carefully mixed in a mechanical 
mixer. In the glucose-barium meal 50 per 
cent glucose was used and in the oil- 
barium meal olive oil was used. We have 
reported the exact amounts used in the 
various meals in a previous paper (6). 
Suffice it to say that in no instance was the 
initial consistency of the meal greatly al- 
tered from the water-barium mixture. The 
fluoroscopic observations and roentgen 
records were made in every instance at 





Fig. 2. Same patient as in Figures 1-A and 
1-B. Exposure made in 2 hours. The meal con- 
sisted of water-barium to which had been added 
two strips of bacon, one egg, toast, and coffee 
with cream. The stomach was not empty in four 
and one-half hours. The contents entered the 
cecum in 4 hours. Note the marked difference in 
the small intestinal pattern in this examination to 
that seen in Figures 1-A and 1-B. 


regular intervals so that the effect of vary- 
ing the vehicle could be studied under 
standard conditions. The subjects used for 
these studies were, as far as we were able to 
determine, normal, healthy young adults. 





Fig. 3-A. 
Fig. 3-4. Water-barium meal, 41 minutes after ingestion. The “herring-bone”’ pattern is seen through- 


out the upper jejunum at A. 
stacked-coins” at B. 


Fig. 3-B. 


In the lower jejunum the pattern is more transverse and simulates that of 


Fig. 3-B. Water-barium meal, two and one-half hours after ingestion of the meal. The vasa digestiva 


are visible throughout the upper jejunum as a “‘snowflake’’ pattern. 
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Fig. 4-A. 
Fig. 4-A. 


at A, the segmental contractions at B, and the ‘“‘herring-bone’”’ pattern at C. 


visible. 
Fig. 4-B. Same case as shown in Figure 4-A. 
showing small irregular boluses in the ileum. 


Fig. 4-B. 


Water-barium meal, 24 minutes after ingestion, showing the advance column in the jejunum 


There is no central lumen 


Water-barium meal, 1 hour 33 minutes after ingestion, 





Fig. 5-A. 


Fig. 5-A. Protein-barium meal (raw egg white). 


Water-barium Meal.—In the majority of 
instances, the stomach was empty within 2 
hours, although occasionally the period 
was as long as from 2.5 to 3 hours. The 
small intestinal stream was continuous 
with little if any regurgitation or peristaltic 
rushes. In the beginning, the jejunal pat- 


Fig. 5-B. 
The segmental contractions are seen at A, the fine 
flaky vasa digestiva at B, giving the appearance of iron filings in a magnetic field, and at C there is a large 
bolus which is occasionally seen in the upper jejunum associated with the pattern of A and B in the protein- 
barium meal. 
Fig. 5-B. Protein-barium meal (egg white). 
are quite prominent, as seen at A. 


Occasionally the longitudinal folds in the terminal ileum 


tern had a somewhat obscured herring-bone 
appearance (Fig. 3-A). As the meal passed 
distally, the herring-bone pattern became 
more evident and this was followed by a 
feathery, snowflake pattern, the latter 
probably being due to retained barium in 
the vasa digestiva (Fig. 3-B). In the ma- 
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Fig. 6-A. 


immediately after the ingestion of the meal. 


Ce 
7 
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Fig. 6-B. 
Fig. 6-A. Glucose-barium meal (50 per cent), showing the contracted pyloric region of the stomach, 


There is a peculiar hypertonic pattern in the duodenum, and 


in the proximal jejunum there is a homogeneous ‘‘cloud”’ effect which was explained as a dilution effect due to 


the hypertonic glucose. 
Fig. 6-B. 


This is seen only when the hypertonic solution runs right out into the small intestines. 
Same case as shown in Figure 6-A, 35 minutes later. 
jejunum; compare this pattern with that seen in Figure 3-A, which is a control water-barium. 


Note the coarse, patchy pattern in the 
Unless one 


knew that this patient had taken a glucose-barium meal one might be led into making a wrong diagnosis 
such as changes in the small intestine due to peritoneal irritation. 


jority of instances no central lumen was 
discernible in the jejunum. There was a 
tendency for the jejunum to have segmen- 
tal contractions which have been inter- 
preted as being due to circular and pos- 
sibly longitudinal muscle contractions (Fig. 
4-A). In such areas the pattern tended to 
form longitudinal folds; elsewhere the 
folds were transverse. Occasionally there 
was a wavy appearance which was prob- 
ably due to rapid motility at the moment. 
In the ileum the pattern was frequently 
that of a series of small irregular boluses 
(Fig. 4-B). Occasionally the mucosal pat- 
tern was seen and suggested coins placed 
one upon the other. The intermucosal 
space was usually wider than that seen in 
the jejunum. No gas was ever formed in 
the small intestines of the normal indi- 
vidual. 

Protein-barium Meal.—When protein was 
added to the barium meal there occurred a 
slight delay in the mean gastric emptying 


time. Once the mixture gained entrance 
into the small intestine, the motility of the 
observed gut was similar to that seen when 
the water-barium meal had been taken. In 
the jejunum there may have been a slight in- 
crease in motility and segmental regurgita- 
tion. The lumen was slightly less than in 
the standard meal. There seemed to be 
more segmental contraction and the pat- 
tern was more trabeculated (Fig. 5-A). 
After the major portion of the meal had 
passed on, the vasa digestiva were snow- 
flaky in appearance and quite prominent. 
One was impressed by the occasional 
sausage-like bolus, larger than occurs in the 
jejunum or proximal ileum. The ileum at 
times tended to show longitudinal folds 
which could simulate the string sign seen in 
ileitis (Fig. 5-B). All of these observations 
were more pronounced when the raw 
white of egg was used than when the 
cooked white. 

Glucose-barium Meal.—With the glucose- 
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Fig. 7-A. 

Fig. 7-A. Olive oil-barium meal. 
has scarcely begun to empty. 
Fig. 7-B. Olive oil-barium meal. 
pattern in the jejunum is obscured. 





sulphate-barium meal, 45 
minutes after the ingestion of the meal, showing 
the variegated pattern throughout the small intes- 


Fig. 8. Magnesium 


tine. The “‘snowflake’’ pattern is seen at A, the 
obscured “‘herring-bone”’ pattern is seen at B, and 
the “‘stacked-coin” pattern in the ileum at C. 
Compare this pattern with the control water- 
barium meal illustrated in Figure 3-A. 


barium mixture the retardation of gastric 
emptying time was much more marked 
than with the protein meal. However, 
once the meal advanced beyond the pylorus 
it moved with considerable rapidity. Gas- 


Fig. 7-B. 


Examination made 4 hours after ingestion of the meal; the stomach 
Note the small amount of barium distributed throughout the small intestines. 

There is a residue in the stomach at the end of 7 hours. 
The appearance is that of irregular boluses ‘‘smudged”’ in type. 


The mucosal 


tric motility began immediately in some 
cases, and the intestinal stream produced a 
cloud effect in the jejunum as though the 
hypertonic solution caused the mucosa to 
pour out fluid in an attempt to dilute the 
opaque medium (Fig. 6-A). The motility 
in the upper jejunum in such cases was very 
slow, if any. This appearance was followed 
by a pattern that was coarse and patchy 
and quite different from the water-barium 
pattern (Fig. 6-B). The impression one re- 
ceived was that the response might have 
been the result of mucous membrane irrita- 
tion with a resulting irregular type of seg- 
mental spasm. The pattern was not unlike 
that seen at times in the presence of an irri- 
tative lesion involving the small intestine. 
After a time, the pattern frequently ap- 
peared to be like that with the water- 
barium meal, while in some instances small 
boluses of variable sizes could be demon- 
strated, and the appearance was not unlike 
that seen in pathologic lesions of the small 
intestines or in patients who had peritoneal 
irritation. 























Fig. 9-A. 


Fig. 9-A. Mineral oil-barium, 1 hour after ingestion of the meal. 
In the early portion of the examination the pattern is similar to that seen in the 
Note the ‘‘smoke-ring’’ appearance at A. 


is ‘‘herring-bone”’ in type. 
water-barium meal. 
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Fig. 9-B. 
The pattern in the proximal jejunum 


Fig.9-B. Same patient as shown in Figure 9-A, examination being made 2 hours 15 minutes after ingestion 
of the mineral oil-barium meal and one and one-quarter hour after the examination shown in Figure 9-A. 
The stomach is entirely empty and all of the opaque meal is present in the dilated loops of the jejunum which 


correspond in position to the second group of small intestinal coils. 


The progress through the small intestine 


is very slow and the pattern is obscured. Compare with Figure 7-B. 


The pattern in the ileum suggested an in- 
crease in tone because of the narrow lumen. 
The mucosal folds were often longitudinal 
instead of transverse; at other times, there 
were large boluses suggesting an appear- 
ance seen when the intestinal wall is thick- 
ened. 

Generally speaking, when the stomach 
did not empty immediately, the pattern 
was similar to that described above for the 
ileum and jejunum except that the cloud 
effect (homogeneous haze without mucosal 
pattern) was not noticeable. Occasionally 
a central canal could be demonstrated. 

Olive Oil Meal.—Of all the vehicles which 
we studied, the vegetable fats provoked the 
greatest delay in gastric emptying. The 
addition of a small amount of olive oil 
might delay the gastric emptying to from 
three to five hours above the normal. 
When the oil-barium mixture reached the 
small intestine it progressed as an intermit- 
tent stream with varying sized, segmental 
pattern or a string of barium boluses (Figs. 


7-A and 7-B). The general appearance was 
smudgy and in some instances might be 
mistaken for the pattern observed in pan- 
creatic disease and in steatorrhea or Gee’s 
disease. The appearance in the jejunum 
and ileum was somewhat similar, with the 
exception that the lumen of the ileum 
was much wider than that of the jejunum 
and wider than in the standard meal. 
Magnesium Sulphate-——We have had oc- 
-asion to observe the gastric emptying and 
small intestinal pattern which resulted 
after the administration of certain sub- 
stances which were not foodstuffs. The ad- 
dition of a small amount of a saturated 
solution of magnesium sulphate to the 
barium meal caused a delay in the normal 
gastric emptying time. The small intesti- 


nal pattern was in certain respects similar 
to that observed in the glucose meal, but it 
was more flaky in appearance in the jeju- 
num and not so coarse as in the 50 per cent 
glucose-barium solution (Fig. 8). The coin 
arrangement of the more distal small intes- 














Fig. 10-A. 


Fig. 10-A. Water-barium meal in a patient with thyrotoxicosis of moderate degree. 


The pattern in the ileum is similar to that of ‘‘stacked coins’’ seen at C. 
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Fig. 10-B. 


The examination 
was made 30 minutes after the ingestion of the meal and the head of the column has already reached the 
cecum at A. The small intestinal pattern in the jejunum is that of a fine ‘‘herring-bone’’ type seen at B. 


There is a patchy bolus type of 


pattern seen at D. Compare this pattern with that seen in Figure 1-A. 
Fig. 10-B. Water-barium meal in a patient with hyperthyroidism of moderate severity, 1 hour 10 minutes 


after the ingestion of the meal. 


slightly emptied. The small intestines and colon are hypertonic in type. 


Note that the head of the meal is in the sigmoid at A. The stomach is only 


Note the increased prominence 


of the haustral markings at B, with the central lumen of the colon. 


tine was, as a rule, much more prominent, 
but occasionally the longitudinal pattern 
was seen. Passage through the small intes- 
tine was extremely rapid and similar to 
that seen in hyperthyroid disease. 

Mineral O1l.—When mineral oil was sub- 
stituted for olive oil, the gastric emptying 
time was not slowed (Fig. 9). The appear- 
ance of the small intestinal pattern in the 
early part of the examination approximated 
that seen with the water-barium meal. 
The herring-bone and trabeculated pat- 
terns were seen in the upper jejunum, and 
as the contents progressed to the distal 
jejunum and ileum they assumed varying 
sized boluses. The boluses in the ileum had 
a smudged appearance similar to that seen 
with olive oil. In addition, the pattern had 
somewhat the effect of smoke-rings. The 
mineral oil mixture took longer to reach the 
cecum, but the small intestine emptied 
more rapidly than with water-barium, and 
this increased motility was likewise seen in 
the large bowel (Fig. 9-B). This difference 





in behavior between olive oil and mineral 
oil was to be expected, since chemically and 
physiologically the action of the two sub- 
stances is quite different. 


THE EFFECT OF CONDITIONS OUTSIDE THE 
GASTRO-INTESTINAL TRACT ON THE SMALL 
INTESTINAL PATTERN 


Hyperthyroidism.—In the patient of the 
hyperthyroid group, the pattern and lumen 
of the small intestine suggested that there 
was increased intestinal tone and possibly 
some shortening (Fig. 10-A). Although the 
gastric emptying was delayed over the nor- 
mal, the opaque contents reached the ce- 
cum in a much shorter period, sometimes in 
less than twenty minutes, and in shortly 
over an hour were in the sigmoid. The 
coils of the small intestine were sometimes 
placed in a transverse direction. The 
lumen appeared to have been definitely 
narrowed and to contain moderately large 
compartments. In the early portion of the 
examination, the pattern in the jejunum 





















Fig. 11-A. 

Fig. 11-A. 
after ingestion of the meal. 
boluses throughout the jejunum and ileum. 


reached the cecum at A. 
seen at B. 


was herring-bone in appearance with no 
definite centrallumen. The appearance of 
the ileum pattern was irregular in the early 
portion of the examination, and later as- 
sumed a stacked coin and bolus pattern. 
The large bowel was, as a rule, hypertonic 
(Fig. 10-B). 

Nephrosis.—Certain data which we have 
collected suggested that in the presence of 
conditions associated with a lowering of the 
serum proteins, the motility and pattern of 
the gastro-intestinal tract might be in- 
fluenced. In nephrosis, the small intestinal 
motility was decreased. The appearance 
of the small intestine even after complete 
gastric emptying suggested large areas of 
unfilled gut in that a moderately large por- 
tion of the bowel was compactly filled with 
the barium while the remainder of the tract 
was not visible. At times the picture was 
not unlike that which might be observed in 
the photograph of a large bunch of Belgian 
grapes. 

The emptying time of the stomach was 
normal or slightly delayed. The duodenum 
was retentive and not spastic. In the up- 





PENDERGRASS, RAVDIN, JOHNSTON, AND HODES: 





659 


THE SMALL INTESTINE 





Fig. 11-B. 


Water-barium meal in a patient with nephrosis, examination being made 1 hour 16 minutes 
The small intestinal pattern is largely obscured and there are a number of small 
Compare with Figures 3-A and 10-A. 
Fig. 11-B. Examination made 2 hours 45 minutes after ingestion of the meal. 
The small intestinal pattern of the ileum is largely obscured and small boluses are 
There is a ‘‘snowflaky’’ appearance present at C. 


The contents have just 


per jejunum, the appearance at first was 
normal, the opaque stream being continu- 
ous and the herring-bone pattern predomi- 
nant. In approximately an hour the small 
intestinal activity was distinctly abnormal, 
peristaltic rushes and regurgitation being 
pronounced and the pattern being a mix- 
ture of herring-bone in the proximal jeju- 
num and small boluses in the distal portion. 
The lumen was slightly less than is re- 
garded as normal (Fig. 11-A). 

It required two hours for the contents to 
reach the ileum; the pattern was short 
boluses and a small lumen at first, followed 
by a larger lumen than is usually seen in the 
normal. There was a distinct delay of the 
contents in the ileum (11-B). 

Diabetes Insipidus.—In diabetes insipi- 
dus there occurred a delay in the gastric 
emptying time. The small intestinal pat- 
tern in the early portion of the examination 
was normal (Fig. 12-A). Later, the pat- 
tern became abnormal, in that there was a 
tendency to form boluses in the jejunum. 
There was marked delay in motility. The 
patient from whom these films were ob- 
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Fig. 12-A. 
Water-barium meal in a patient with diabetes insipidus, before treatment. 
ut ' The contents have progressed very slowly and are still present 
in the jejunum. The pattern is approximately normal but the loops are quite wide. 


Fig. 12-A. 
50 minutes after the ingestion of the meal. 


Fig.12-B. Same patient as 12-A, with diabetes insipidus. 
film was made 1 hour 15 minutes after the ingestion of the meal. 


more advanced than that found in 12-A. 


tained was voiding from 6,000 to 7,000 c.c. 
of urine per 24 hours. After the daily ad- 
ministration of pitressin for three weeks, 
the urinary output was reduced to 3,500 
c.c. per 24 hours, and at that time the 
water-barium meal disclosed an increase in 
the motility of the stomach and small in- 
testine (Fig. 12-B). 

Pituitary Tumor.—We had the good for- 
tune to have an opportunity to study the 
small intestine in patients with pituitary 
tumor (Fig. 13). The gastric emptying 
time was considerably increased. The up- 
per jejunum appeared normal for a few 
minutes, and later the jejunum and ileum 
presented a striking picture with the 
greatly reduced size of the small intestinal 
lumen and rapid motility. The stream 
reached the ileum rapidly but was delayed 
there somewhat and the appearance was 
similar to that seen in some cases of hyper- 
thyroidism. 

The Emptying of the Stomach and the 


Fig. 12-B. 
Examination made 


Examination was made after treatment, and the 
Note that the progress of the meal is much 


Small Intestinal Pattern of Various Gastric 
Operations.—We have studied the gastric 
emptying time under a variety of condi- 
tions after simple gastro-enterostomy, pylo- 
rectomy with restoration by the Polya 
technic, and after subtotal gastrectomy. 
In the first group only was the pyloric 
sphincter intact, so that gastric contents 
could leave the stomach by passing either 
through the new stoma or through the 
pylorus. 

The fact of major interest to us in these 
patients was that regardless of the type of 
operation the meal did not pass rapidly 
through the stomach into the small intes- 
tine. Under no circumstances with the 
water-barium meal which we used did we 
observe “dumping,” although the mean 


gastric emptying time was somewhat 
shorter after gastric operation associated 


with a new stoma. 
When a glucose-barium or oil-barium 
meal was substituted for the water-barium 
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meal in these same patients, the effect on 
the gastric emptying time was similar to 
that of the normal stomach with the py- 
lorus intact. Occasionally, after simple 
posterior gastro-enterostomy we observed 
a more rapid emptying time with the glu- 
cose-barium meal but this was the excep- 
tion to the rule. 

The intestinal patterns which we ob- 
served in these patients were similar to 
those observed after the same type of meal 
in a subject whose pylorus and stomach 
were intact. 

Of considerable importance is the knowl- 
edge that such a stomach, whose pyloric 
mechanism has been removed, will function 
under the conditions daily imposed upon it 
to a very marked degree as will the normal 
stomach. 


SUMMARY 


The variation in the emptying time of 
the stomach and intestine, and the small 
intestinal pattern under a variety of condi- 
tions which may be imposed on the gastro- 
intestinal tract by diet, by lesions primarily 
not involving the gastro-intestinal tract, 
and by operation, have been presented 
with the hope that careful observations by 
the members of this Society may lead to a 
more accurate and general recognition of 
the variations which they may cause, even 
though there is no existing pathologic 
lesion of the small intestine. 

The data which we have presented show 
clearly that the pattern of the small intes- 
tine may vary widely under a variety of 
conditions. The pattern and motility ob- 
tained in normal individuals, with a varia- 
tion of the vehicle of the barium meal may 
suggest serious pathologic lesions, and the 
roentgenologist must be cognizant of the 
fact that under the conditions of study the 
appearance may be normal. 

These data likewise indicate that there 
are, in a broad sense, typical reactions of 
the gastro-intestinal tract with respect to 
various pathologic entities not associated 
directly with this tract. Many pathologic 
conditions yield an intestinal reaction 
which is grossly characteristic for that dis- 
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Fig. 13. 


Water-barium meal in a patient with 
pituitary tumor, 40 minutes after the ingestion of 


the meal. The small intestinal pattern is quite 
hypertonic, especially in the ileum. The segmen- 
tation of the small intestine is much more marked 
in these cases than in the control group. Compare 
with Figure 1-A. 


ease. We have as yet studied only a few 
disease entities under standard conditions, 
and it is impossible to state at present 
whether or not other conditions may simu- 
late the intestinal reactions which we have 
described. 

Only by a fuller understanding of the 
many processes involved in the mechanism 
of intestinal motility and of pattern pro- 
duction will we be able to explain the re- 
sults of studies such as we have presented. 
The careful roentgen study of the gastro- 
intestinal tract will add new and important 
data to the knowledge now at hand on the 
physiology and pathologic-physiology of 
this system. In order that the data, 
whether they be from clinical or labora- 
tory investigations, be suitable for com- 
parison, it is necessary that a standard 
technic for roentgen exploration be adopted. 
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SKELETAL CHANGES IN DISTURBANCES OF THE PARA- 


THYROID GLANDS! 
By PAUL C. HODGES, Pu.D., M.D., Chicago 
From the Division of Roentgenology, The University of Chicago 


INTRODUCTION 


NOWLEDGE as to the function of 
K the parathyroid glands has been 

built up from observation in several 
fields. Previous to 1924, the principal 
physiologic approach was to observe the 
sequela of extirpation of the glands in ani- 
mals. Since 1924 (9), it has been possible 
to reverse the situation by the injection of 
Collip’s parathyroid extract (18 and 17). 
In 1926, Mandl (20) demonstrated that a 
corresponding hyperparathyroidism occurs 
spontaneously in patients suffering from 
parathyroid adenomas, and quite recently 
it seems to have been established that the 
same condition may follow simple hyper- 
plasia of these glands (3) under the in- 
fluence perhaps of an over-production of 
hormone by the anterior lobe of the pitui- 
tary (11 and 15). 

Arguing from clinical and laboratory 
studies on material of this sort, it is now 
generally believed that hyperparathyroid- 
ism, either spontaneous or induced, causes 
an excessive amount of calcium and phos- 
phate to pass from the bones into the blood, 
resulting eventually in the generalized 
skeletal condition known as osteitis fibrosa 
cystica or von Recklinghausen’s disease 
(24). Removal of an abnormal gland or 
cessation of extract injection slows up the 
outward calcium and phosphate tide, fol- 
lowing which normal processes, only dimly 
understood, slowly return calcium phos- 
phate to the bones until calcium ion con- 
centration in the plasma falls to normal 
levels. There is excellent recent literature 
covering most of the phases of parathyroid 
function and dysfunction (2, 5, 8, and 25) 
and much of this ground has been surveyed 
in reviews (13, 16, and 30). Sketched in 
the merest outline, the situation is about 
as follows: 


Presented before the Radiological Society of North 
America, at the Twenty-first Annual Meeting, in De- 
troit, Dec. 2-6, 1935. 


6638 


Calcium more then 50% ionized] less than 50% ionized 
























































16.0 eye ea 
2 
é: 
/ Fa 
wine LOA: P lors 
A720! | “18 
eh 24] 3 
12.0 Sars 1S it $4 - 
° ae GP | PoE en ee . 
° “- ic ie | Pe 
2 4 cE art Aa t 
1\O.0r 4 = cae ba > al 
g SAE ope] S15 
bf er ee | 4,2 e) 
, 2 Pee ae) Ips 2 
s Ae —HyvR i wale z. 
ae sg PART | 22-49 
G ee Z 
Y a | ee 
é Ae «3 ae 4 
all tt} < 
- 40 Bes U 
; al 7 
i 
tan a6.2USOUC«CCCUCO 


TOTAL PROTEIN ~ em. per 100 cc. 


Fig. 1. Chart from McLean and Hastings 
(21). Total calcium values in excess of 12 mg. 
per cent are in themselves almost always conclu- 
sive evidence of significant elevation in ionized 
calcium. However, at 10 mg. per cent total cal- 
cium, failure to estimate protein as well as calcium 
might mask a physiologic hypercalcemia if pro- 
tein were low or hypocalcemia if protein were un- 
usually high. 


STATE OF CALCIUM IN THE BLOOD 


The circulating plasma of a normal sub- 
ject contains from 3 to 6 mg. per cent of 
phosphate (higher in children, lower in 
adults), 10 mg. per cent of calcium, and 
about 6.5 grams per cent of protein. At 
these concentrations, about 5 mg. per cent 
of the calcium is combined with protein 
and thus rendered physiologically inert, 
while about 5 mg. per cent is ionized and 
therefore free in solution in the plasma and 
physiologically active (21). (See Fig. 1.) 
The actual calcium ion concentration at 
any one time is the resultant of an equilib- 
rium between the total calcium and the 
total protein present in the plasma. 

It is important to the body that the cal- 
cium ion concentration of the plasma re- 
main within the physiologic range of from 
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Fig. 2. Osteitis fibrosa generalisata, moderately advanced stage. 

(A) (above) L. J., No. 4,850, May 28, 1929. Total serum calcium 12.55 mg. per 
cent. At operation one month later, D. B. Phemister removed a parathyroid 
adenoma (10). (See next page.) 
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Osteitis fibrosa generalisata, early stage. 

E. B., No. 27,621, July 11, 1933. Right shoulder of a 12-year-old girl, who subsequently proved 
Plasma calcium very high, phosphate low. Note fibrous appearance of hu- 
Note also slight curvature of shaft resulting from old 
Metastatic calcification has occurred at the surface of the acromial epiphysis, a structure which at 
this age is commonly non-ossified and therefore invisible. 


Fig. 3. 
(A) (left) 


to have parathyroid adenoma. 


meral shaft owing to deossification of minor trabeculz. 


fracture. 


(B) (right) Same case, March 11, 1935. 


not appear until some time between the fifteenth and seventeenth year. 


In the normal child, the ossification center for the acromion does 


Here, at the age of 14 and in the 


absence of an ossifying center, the acromion has become almost completely calcified by spread from peripheral 
deposits. At operation, by D. B. Phemister (23), March 16, 1935, a parathyroid adenoma was removed. 


4.25 to 5.25 mg. per cent. Below this 
minimum, excitability of nerve, muscle, 
and other excitable tissues increases until 
at very low levels tetany occurs. Above 
this maximum, nerve excitability falls, 
metastatic calcification occurs in soft tis- 
sues (particularly those that are relatively 
alkaline, 29), kidney tissue is damaged by 
the act of eliminating excess calcium and 
phosphate, and kidney stones may form 


(Continued from page 664.) 
(B) (below). Same patient, May 7, 1935. 
clinically, the patient is greatly improved. 


because of the high concentration of cal- 
cium and phosphate in the urine. 
Fluctuations in total calcium of the 
plasma may occur in response to fluctua- 
tions in the concentration of protein. 
Thus, in multiple myeloma, with high 
plasma proteins, plasma calcium is high. 
Conversely, in the case of low plasma pro- 
teins in certain forms of nephritis, plasma 
calcium is_ low. Such compensatory 


Following operation, serum calcium fell and remained down, and, 
Osteoporosis persisted, however, in the skull and other bones. 


In both films please note the following: Generalized thickness of skull bones without increase in density, lack 


of differentiation between cortex and diploie, and small, rounded, particularly translucent areas that may be cysts. 
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changes in plasma calcium are necessary 
for the maintenance of normal calcium ion 
concentrations and are not in themselves of 
clinical importance. 


NORMAL PARATHYROID CONTROL OF CALCIUM 


Designed apparently as an_ essential 
part of the mechanism for calcium regula- 
tion, the parathyroid glands react to rises 
and falls in calcium ion concentration in 
the same manner that a delicate thermostat 
would respond to rises and falls in tempera- 


ture. When calcium ions fall, more hor- 
mone is put out; when they rise, less is 
produced. Calcium, when bound to pro- 
tein, produces no effect whatever. 
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Fig. 4. Osteitis fibrosa generalisata, early stage 
(same case as shown in Figs. 3-A and 3-B). (A) 
frontal view of right knee; (B) lateral view. 

Metastatic calcification has occurred at the sur- 
faces of the epiphyseal cartilages of the femur, 
tibia, and fibula, and these structures have reached 
a normal size and shape for achild of thisage. The 
diaphyses are unusually slender, however, and their 
cortex is thin, these findings being in keeping with 
the idea that an excess of parathyroid hormone 
speeds up the working-over of bone by osteoclasts, 
but does not interfere with development of bone 
from cartilage. 

Note also the fibrous appearance of diaphysis, re- 
sulting from the persistence of the major trabecule 
after the minor trabeculae have been absorbed. 


The hormone thus measured out in re- 
sponse to fluctuation in ionized calcium 
produces no direct chemical effect upon the 
constituents of the blood plasma and does 
not increase the chemical solubility of cal- 
cium phosphate in plasma (21). It does, 
however, control the rate at which calcium 
and phosphate are returned to the blood as 
a result of the breakdown of old bone. 

To those who look upon osteoclasts as 
connective tissue cells specially differen- 
tiated for the absorption of bone, the hor- 
mone acts by stimulating these cells, pos- 
sibly through the mechanism of increasing 
the acidity of the fluids enclosed by their 
cell membranes; while to those who con- 
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sider them merely as scavenging cells, ac- 
tion is upon the tissue fluids in intimate 
contact with bone but outside the blood 
stream (16). It is suspected but by no 
means established that the hormone con- 
trols osteoblast activity as well, though 
possibly the sclerosis (26) that follows 
long-continued injections of parathyroid 
extract in animals is to be explained as re- 
pair of injury after the establishment of 
tolerance rather than as evidence of direct 
osteoblast stimulation. 


CALCIUM REGULATION IN HYPER- 
PARATHYROIDISM 


In parathyroid adenoma or hyperplasia, 
an excessive amount of hormone is poured 
into the blood, and the resulting rise in 
plasma calcium fails to suppress the fur- 
ther output of hormone or else acts only at 
abnormally high levels. Total calcium in 
the plasma may go to 16 mg. per cent or 
much higher, at which levels it begins to 
appear in the urine, eventually to the det- 
riment of the kidneys. Large amounts of 
phosphate are withdrawn from the bones 
and returned to the blood along with cal- 
cium, but presently this is more than off- 
set by a marked increase in phosphate in 
the urine, so that until kidney damage oc- 
curs plasma phosphate is characteristically 
low. 


CALCIUM REGULATION IN HYPOPARA- 
THYROIDISM 


Following total removal of normal para- 
thyroids or of normal glands plus adeno- 
mas, parathyroid hormone disappears from 
the blood and the circulatory stimulus to 
osteoclast activity is lost. As a result, in 
the absence of local stimuli, such as frac- 
tures and infections, osteoclast activity 
falls to a minimum and there is almost no 
return of calcium and phosphate from the 
bones to the blood. Eventually the nor- 
mal processes that tend to withdraw cal- 
cium from the blood bring calcium ion con- 
centration down to a very low level, and 
unless this is raised by the direct injection 
of calcium salts, the deliberate increase of 
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net absorption of calcium from the intes- 
tine by appropriate measures, or the injec- 
tion of parathyroid extract to bring cal- 
cium back from the bones, tetany levels 
are reached and finally death occurs. 

Almost nothing has been published as to 
the x-ray or microscopic findings in the 
bones of previously normal animals or pa- 
tients suffering from hypocalcemia due to 
removal or underfunction of the parathy- 
roid glands. It is known, however, that 
vigorous calcium medication in normal 
subjects produces a gradual increase in the 
density of the skeleton (1), and presumably 
an equivalent increase in the net absorp- 
tion of calcium would have an even greater 
effect in hypoparathyroidism, a condition in 
which the return of calcium from the bones 
to the blood is less than normal. It has 
been suggested but by no means estab- 
lished that Paget’s disease and the condi- 
tion known as marble or chalky bones may 
be due to underfunctioning of the para- 
thyroids. 

There are many reports of cases in which 
skeletal deossification due to parathyroid 
adenoma has been followed by reossifica- 
tion after removal of the tumor. Not in- 
frequently, however, though serum cal- 
cium returns toward normal and symp- 
toms disappear, there is merely a halting of 
progressive deossification without demon- 
strable return of normal bone density (10). 
(See Fig. 2.) Perhaps in such instances 
the bones have suffered fibrosis of an un- 
usual type or degree, or possibly there has 
been failure to push net absorption of cal- 
cium from the intestine during the post- 
operative period. 


X-RAY DIAGNOSIS OF SKELETAL LESIONS IN 
HYPERPARATHYROIDISM 


Terminology.—From the first, x-rays 
have been used in conjunction with micro- 
scopic and chemical studies in the labora- 
tory phase of this problem, and in this 
work there has been little confusion or dis- 
agreement. On the clinical side, however, 
x-ray findings in questionable cases fre- 
quently confuse rather than clarify the 
issue (19), owing in part to a multiplicity 














Fig. 5. 


Fig. 5. 
This film, made Aug. 5, 1930, about one year after the operation, shows ‘‘smudged-out”’ areas at the thinnest 


parts of both iliac blades. 
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Fig. 6. 


Osteitis fibrosa generalisata, moderately advanced stage (same case as shown in Figs. 2-A and 2-B). 


Even in normal subjects, marrow trabecule are scanty in such thin parts of the 


bone, so these regions are good places in which to look for early stages of replacement of trabecule by fibrous 


tissue. 
Fig. 6. 
male. 


Paget’s disease of the skull, circumscripta type. 


G. J. B., No. 14,042. Frank Paget’s disease ina 


Large map-like areas in the anterior two-thirds of the calvarium indicate regions of absorption of old bone. 


In these translucent regions there are, however, numerous irregular buttons of sclerotic bone. 


Borders be- 


tween old bone in the occiput and those areas in which absorption has occurred are sharply differentiated. In 
this case, serum calcium was not elevated, and biopsy of certain long bones showed the characteristic histology 


of Paget’s disease. 


and inexactness of the x-ray diagnostic 
terms that have been handed down from 
the days when osteitis fibrosa generalisata 
was studied principally in its terminal 
stages as it was seen in the autopsy room. 
For example, “‘fibrosa’’ is a reasonable 
term to the pathologist because at all 
stages of the disease he finds an excess of 
white fibrous tissue laid down among bone 
trabeculae. To the roentgenologist, how- 
ever, fibrous tissue is transparent and, 
therefore, homogeneous and indistinguish- 
able from other soft tissues or fluids except 
fat, so its presence can be inferred only by 
alterations it may produce in the calcified 
portions of trabecule. The roentgenolo- 
gist does see a “‘fibrous’’ condition of bone 
at certain stages of hyperparathyroidism, 
but the ‘“‘fibers’’ a recoarsened bone tra- 
becule, not fibrous tissue (Figs. 3 and 4). 
Cysts are definite entities to the patholo- 
gist, whether they be large or small, lo- 
cated in areas rich in calcified bone or in 
fields of calcium-free fibrous tissue. To 





the roentgenologist they are quite invisible 
unless they encroach upon calcified tra- 
becule or cortex, and even then they cannot 
be distinguished from similar excavations 
containing fibrous tissue or tumor rather 
than cystic fluid. 

Early Stages —The primary bone lesion 
of hyperparathyroidism consists of the vig- 
orous removal of existing marrow trabecu- 
le by osteoclasts, followed by deposition 
of a field of fibrous tissue in which short, 
slender, irregular new trabecule are laid 
down. In the earliest stages these changes 
are not shown by the x-ray, but if the proc- 
ess continues roentgenograms begin to 
show generalized increased translucence of 
more or less severe degree. This cannot 
be distinguished directly from the translu- 
cence observed in other conditions, such 
as disuse. Uniformly distributed translu- 
cence, particularly in the presence of meta- 
static soft tissue calcification, may raise 
suspicion of hyperparathyroidism, and if 
clinical and chemical examinations insti- 
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of long invalidism, they practically assure 
the diagnosis. Under certain circum- 
stances, however, films made at this stage 
may mislead the radiologist and cause him 
to make a diagnosis of Paget’s disease. 








Fig. 7. 
1931. 


graphic or microscopic similarity to ostei- 


Paget’s disease: extra-skeletal calcification. 
Kidney stones and metastatic calcification (defined as calcification of other- 
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tis fibrosa generalisata. Briefly, in Paget's 
disease, the x-ray differences are: sclerosis 
and cortical thickening rather than osteo- 
porosis and cortical thinning; skeletal in- 





L. P., No. 14,510, April 15, 


wise normal soft tissue in distinction from calcification occurring as a sequel to necro- 
sis) are such common findings in the hypercalcemia of hyperparathyroidism that their 







presence should and does raise a suspicion of that disease. On the other hand, kidney 
stones are not uncommon in Paget’s disease; calcification of vessels is almost the rule, 
and in the case shown here a large uterine myoma is densely crusted with calcium. 













Usually, vertebre are particularly trans- 
parent, “‘fish-shaped,’’ owing to pressure 
from resilient intervertebral discs, or here 
and there deformed by compression frac- 
tures. All of these findings, however, are 
consistent with a diagnosis of extensive 
metastatic osteolytic neoplasm or even 
multiple myeloma (22). 

DIFFERENTIAL DIAGNOSIS 

Paget's Disease.—The cause of Paget’s 
disease remains a matter of speculation, 
and the possibility that it may turn out to 
be associated with diminished or perverted 
parathyroid hormone has not been dis- 
proved, ‘There is a vast amount of clinical 
evidence against this view, however, and 
typical cases show little clinical, radio- 












volvement, widespread but almost never 
complete; skull bones thick but not show- 
ing the characteristic amorphous translu- 
cence of osteitis fibrosa generalisata. Even 
in the circumscripta type of Paget’s (Fig. 
8), the abrupt transition from normal to 
deossified bone is quite unlike anything 
seen in osteitis fibrosa generalisata. It 
must be admitted, however, that atypical 
cases of either disease may be confusing 
to the pathologist and _ roentgenologist. 
This is evidenced by the older writings of 
European pathologists, by instances of 
osteitis fibrosa generalisata in which the 
skull shows patchy or ‘‘woolly’’ densities 
(14), and most recently by Kienbéck’s 
contention that Mandl’s original patient 
really had Paget’s disease rather than oste- 
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itis fibrosa generalisata (19). The pres- 
ence or absence of soft tissue calcification 
or kidney stones is not conclusive because 
these may be absent in osteitis fibrosa gen- 
eralisata or present in Paget’s disease 
(Fig. 7). Fortunately, chemical studies 
of the blood yield quite different values in 
these two diseases and these findings, to- 
gether with the whole clinical history, 
usually establish the diagnosis. 

Osteomalacia.—It is questionable 
whether x-ray examinations alone can ever 
be depended upon to differentiate between 
the acute stage of osteitis fibrosa generali- 
sata due to a primary elevation of para- 
thyroid hormone and osteomalacia due to 
a decreased net absorption of phosphate 
from the intestine complicated by in- 
creased withdrawal of calcium by fetus and 
lacteal glands. The confusion becomes 
even worse when in osteomalacia a chroni- 
cally lowered serum calcium produces sec- 
ondary parathyroid hyperplasia. How- 
ever, microscopic examination of bone, 
chemical examination of the blood, and the 
clinical history added to the x-ray findings 
usually make differentiation relatively 
easy. 

Giant-cell Tumors, Bone Cysts, and Re- 
gional Fibrosis.—Evidence is scanty as to 
whether irradiation depresses the activity 
of normal parathyroids (22 and 28), but 
there seem to be authentic cases in which 
irradiation of these glands has benefited 
bone lesions in proved cases of hyperpara- 
thyroidism (12). The subject is important, 
of course, and is bound to receive increas- 
ing attention now that parathyroid hyper- 
plasia seems to have been established as 
one of the causes of osteitis fibrosa generali- 
sata. We are concerned here merely with 
the diagnostic implications of the irradia- 
tion of the parathyroids. 

There are few to-day who believe that 
local giant-cell tumors or solitary bone 
cysts are manifestations of increased para- 
thyroid activity. Opinion is much less 
unanimous, however, in the case of re- 
gional fibrosis involving one or at most a 
few bones, because radiologically and histo- 
logically these localized lesions may ap- 





pear identical with those seen in generalized 


osteitis fibrosa. Some speculate that local 
or regional fibrosis follows local injury of 
some unknown nature and is not related to 
parathyroid disturbance. Others have 
conjectured that there may be such a thing 
as transient hyperparathyroidism with 
complete reossification of the skeleton ex- 
cept in restricted areas of particularly se- 
vere fibrosis. Reports that local fibrocys- 
tic disease as well as giant-cell tumors and 
cysts may respond to irradiation of the 
parathyroids (22) are apt to be interpreted 
as supporting the latter view. It is hard 
to believe that lesions of this sort really do 
sclerose and heal as a result of irradiation 
or surgical removal of the parathyroids. 
However, even if it can be proved that 
there is a response of this sort, though it 
would constitute an important medical dis- 
covery, still it would not prove that such 
lesions are necessarily a local manifesta- 
tion of parathyroid disease. 

It has been shown that large doses of 
calcium glucinate by mouth sometimes 
cause sclerosis of osteolytic carcinoma 
metastases (6), lesions which certainly are 
not due to a generalized circulatory stimu- 
lation of osteoclasts by parathyroid hor- 
mone. Here presumably ingested calcium 
acts directly by increasing the tide of cal- 
cium phosphate to all of the bones, and 
secondarily by depressing the output of 
parathyroid hormone, thus reducing the 
general rate of osteoclasis. If a similar 
depression of osteoclast activity could be 
accomplished by irradiation of the para- 
thyroids, conceivably this might bring 
benefit to various types of bone lesions re- 
gardless of their nature or origin. 


CLOSING REMARKS 


“Knowledge of clinical syndromes due to dis- 
orders of the endocrine organs has made rapid 
strides since 1910, and the symptomatology of 
the endocrine disorders has been extended and 
made more precise. There has been a tend- 
ency, however, to attempt to push the clinical 
applications of the scientific advances in endo- 
crinology farther than is warranted, and much 
confusion has arisen both in the profession and 
among laymen because of failure to distinguish 
between mere speculation and well-established 
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facts. Organotherapy and hormonotherapy 
undoubtedly have an important future, but 
genuine success in these fields can be assured 
only by thoughtful, painstaking, rigidly con- 
trolled work; progress is only too likely to be 
retarded and science to be discredited by the 
rash enthusiast and the credulous ignoramus.”’ 


These words, uttered by L. F. Barker 
(4), were aimed particularly at “‘unscrupu- 
lous vendors of endocrine products’ and 
the ‘‘wishful thinking of unskilled practi- 
tioners’”’ who use them. Radiologists, 
however, will not escape similar criticism 
unless, as they co-operate in the diagnosis 
and treatment of skeletal lesions of sup- 
posed endocrine origin, they proceed 
thoughtfully, being safeguarded by rigor- 
ous controls. Particularly is this true in 
the case of the parathyroid glands and the 
bone changes produced by their hormone. 
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X-RAY TREATMENT IN HYPERPARATHYROIDISM' 


By E. A. MERRITT, M.D., and I. LATTMAN, M.D., Washington, D. C. 


From the Garfield Memorial Hospital and Warwick Clinic 


=HE history of the parathyroid glands 
dates back to 1855, when they were 
first described by Remak, but credit for 
the discovery commonly goes to Sand- 
strém, who, in 1880, published a clear de- 
scription but regarded them as merely 
aberrant undeveloped fragments of thyroid 
tissue. In 1858, Schiff, of Geneva, was the 
first to disprove the then existing theory 
that thyroid and the so-called aberrant tis- 
sue of thyroid (which was parathyroid as 
described by Remak) was necessary only 
before birth. He removed the glands from 
several animals and all of them died. He 
communicated this fact to the Academy of 
Medicine in Copenhagen and later on pub- 
lished it, but it made no impression. In his 
description of the death of the animals, he 
described what we now understand to be 
tetany. It was not until 1891 that Gley, 
Vassale, and Generali established the func- 
tion of the parathyroids and differentiated 
the functions of the thyroids and para- 
thyroids.? As early as 1903, Erdheim (1) 
studied several cases with skeletal changes 
associated with parathyroidal hyperplasia. 
In 1901, Askanazy (2) published the first 
case of parathyroid tumor, found post- 
mortem in a subject with fibrocystic 
disease of the bone. In 1925, Hoffheinz 
published the result of his series of 25 
cases of parathyroid tumor, all of them be- 
ing associated with, or complicated by, 
osseous changes. However, it was not un- 
til 1926 that Mandl did the first para- 
thyroidectomy in a case of osteitis fibrosa 
cystica with very good results. Mandl (3) 
also definitely established that it is hyper- 
function, not hypofunction, that causes the 
Osseous changes; this he did by trans- 
Presented before the Radiological Society of North 
America, at the Twenty-first Annual Meeting, at De- 
troit, Dec. 2-6, 1935. 
* See editorial, Jour. Am. Med. Assn., Sept. 23, 1933, 


101, 1,003, in which credit is given to Gley, Vassale, 
and Generali, 
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planting parathyroid tissue, removed from 
a victim of an accident who was moribund, 
into the abdominal wall of a patient suffer- 
ing from osteitis fibrosa cystica, with imme- 
diate exacerbation of symptoms and a 
marked increase in the destruction of the 
bones. Following this, Mandl noticed in 
the same patient an enlargement in the left 
thyroid region. He removed the left lobe 
of the thyroids and the parathyroids, at the 
same time removing also the implanted 
parathyroids. Following the second opera- 
tion the patient made a rapid and unevent- 
ful recovery. 

Experimentally, a great deal of work has 
been done which has established the rela- 
tion between the parathyroids and the 
skeletal system. Collip’s (4) meritorious 
work in the production of a specific para- 
thyroid hormone has greatly advanced the 
knowledge of parathyroid function. With- 
out this hormone, the knowledge of para- 
thyroids would not have reached the highly 
developed stage it has attained. Jaffe, 
Bodansky, and Blair (5) were the first to 
produce, experimentally, evidence estab- 
lishing the relation between the para- 
thyroids and the skeletal system. Many 
workers all over the world have cor- 
roborated their results. Among these are: 
Brechot and Pergola (6) in France, and 
Zagni and Ciaccia (7) in Italy. 

Since the epoch-making operation of 
Mandl, many surgeons all over the world, 
Hunter (8) in England, Hellstr6m (9) in 
Seandinavia, Introzzi (10) in Argentine, 
Oppel (11) in Leningrad, Shkurov (12) in 
Kharkov, Russia, Giordano (13) in Italy, 
Ballin and Morse (1+) in Detroit, T. G. 
Schnabel (15), Albright, Aub, and Bauer 
(16), of the Massachusetts General Hos- 
pital, Thomason and Smith (17), and many 
others in America, have reported excellent 
results following the removal of the para- 
thyroids in osteitis fibrosa cystica and re- 











lated bone diseases such as osteomalacia, 
Paget’s, hypertrophic arthritides, rheu- 
matic polyarthritides, and even in some 
cases of renal calculi. 

Until 1933, as far as we know, no case of 
hyperparathyroidism treated with x-ray 
over the neck had been reported; this, of 
course, does not mean that cases of hyper- 
parathyroidism have not been treated with 
x-ray, considering the number of subjects 
who have been irradiated for one reason or 
another over the cervical region. 

One of us (E. A. M., 18) was the first, in 
1933, to report a series of cases of hyper- 
parathyroidism treated with x-ray over the 
cervical region. In most of the cases very 
good results were obtained. It was stated: 
“My interest in hyperparathyroidism was 
aroused in May, 1931, by the coincidental 
healing of an extensive and multiple cystic 
bone lesion in a patient being irradiated 
over the cervical region for thyrotoxicosis. 
The rapid relief of pain, and the uninter- 
rupted and progressive regeneration of dis- 
eased bone in this case resulted in a review 
of the literature covering the subject.” 

Since 1931, we have treated a compara- 
tively large number of cases of hyperpara- 
thyroidism. We want to state that in the 
opinion of many authorities, osteitis fibrosa 
cystica is only one of the manifestations of 
parathyroid hyperfunction as evidenced in 
the skeletal system. Paget’s disease, osteo- 
malacia and even multiple myeloma, some 
of the arthritides, and some kidney concre- 
tions fall into this category. Ewing (19) 
considers giant-cell tumor the end-result 
of osteitis fibrosa cystica, placing this dis- 
ease in the group of hyperparathyroidism. 
Von Recklinghausen (20) in his original 
contribution, however, describes only oste- 
itis fibrosa cystica generalisata. 

One of us (E. A. M.) has stated that: 
‘Pathologic fracture of the ribs, vertebre, 
and long bones, in the absence of malig- 
nancy, would justify provisional diagnosis 
of hyperparathyroidism. Indeed, any un- 
explained cystic bone disease should be 
considered of parathyroid origin in the 
opinion of my associates and myself, and 
the therapeutic test of irradiation over the 





67 RADIOLOGY 





cervical region should be used as a confir- 
matory diagnostic procedure.” 

The mechanism which controls calcium 
metabolism is set in motion by the para- 
thyroids. No one can state with certainty, 
however, that the hyperfunction of the 
parathyroid must result in hypertrophy of 
them (21). Nor is it essential that there be 
an increase in calcium or a decrease in 
phosphorus in the blood (though this is 
often the case). However, it is more than 
likely that some of the synergistic endo- 
crine glands may decrease their function, 
or some of the antagonistic endocrine 
glands may increase their function in order 
to compensate for the hyperactivity of the 
parathyroids. There are many cases on 
record in which cystic bone disease has been 
greatly improved or cured, following para- 
thyroidectomy or irradiation over the para- 
thyroids, in which the blood calcium was 
not only normal, but was also below nor- 
mal. Bloom (22) reports such a case, as 
does also Beam (23). Bodansky and Jaffe 
(24) in their experimental work state: ‘“We 
have found in the literature of parathor- 
mone therapy instances in which we sus- 
pect the presence of hyperparathyroidism, 
although hypercalcemia was not observed. 
In view of the reliance that is frequently 
placed upon hypercalcemia as a sole cri- 
terion of hyperparathyroidism, we should 
be justified in designating hyperparathy- 
roidism without hypercalcemia as crypthy- 
perparathyroidism. This condition is to be 
recognized by a negative calcium balance 
and other evidence of hyperparathyroidism 
in the absence of hypercalcemia.” In 
many cases, however, there is an increase in 
blood calcium and a decrease in blood phos- 
phorus and an increase in excretion of both 
in the urine. We must not forget that cal- 
cium and phosphorus determination in the 
blood is not an easy matter, and that the 
findings depend a good deal on the time of 
the day the blood is taken, the diet of the 
patient, his state of rest, and even of his 
nervous condition. It is essential that the 
chemist or technician doing the determin- 
ing be expert in that process, as it is a deli- 
cate titration and colorimetric method. 
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It has now been definitely established 
that parathyroidectomies have produced 
unquestionable cures in cystic bone disease 
and in related osseous changes. The reason 
for radiation therapy in hyperparathyroid- 
ism is precisely the same as that for sur- 
gery. The inhibitory effect of radiation 
therapy on the function of the duct glands 
(such as the salivary), as well as on the 
ductless glands (such as the pituitary, 
ovarian, thyroid, and thymus) has been 
definitely established, and there is every 
reason to believe that the hyperfunctioning 
parathyroids are certainly no exception 
to this rule. 

The operative procedure of a parathy- 
roidectomy is by no means a simple one. 
The chief operating difficulty is in finding 
the tumor, and we must not forget that in 
not all cases is there a tumor present. The 
location and number of the parathyroids is 
by no means constant, as was demonstrated 
by the work of Dr. MacCallum, at Johns 
Hopkins, and Dr. Lindsay, our own path- 
ologist, at Garfield Memorial Hospital. 
Bellin and Morse and Hitzrot and Comroe 
(25) have removed normal glands in hyper- 
parathyroidism with clinical cures. The 
following is a quotation from Albright e¢ al.: 


“Before undertaking this operation, a surgeon 
must be more than ‘just a good thyroid sur- 
geon.. He should know the normal and pos- 
sible aberrant situations of the parathyroid 
glands. He must be familiar with the reddish- 
brown color and smooth surface of the para- 
thyroids in contrast to the granular surface of 
thyroids. He must be able to differentiate the 
parathyroids from lymph nodes, collections of 
fetal fat, and thyroid lobules, and he must be 
prepared to continue to search even if this leads 
him into the anterior mediastinum.” 


It is, therefore, clear that the operation is 
an extremely difficult one and that the mor- 
tality, though not as yet established in a 
large number of cases, is undoubtedly a 
vital and important factor. 

Radiation of the parathyroids is by no 
means a difficult task. With the present 
highly standardized methods and accurate 
measurements, the desired doses can easily 
be delivered to the parathyroids. ‘To those 
Who are concerned about the possible de- 
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struction of the parathyroids and thyroids 
with resultant tetany or myxcedema, assur- 
ance is easily given. In the experience of 
the large radiation therapy institutions 
throughout the world, where enormous 
doses of radiation have been given over the 
neck for malignant condition, tetany and 
myxcedema were never observed. Coutard, 
at the Curie Institute of Paris (an out- 
standing exponent of the practice of giving 
large doses of radiation over the neck for 
malignancies of the larynx and hypo- 
pharynx), assures us that he has never 
seen a case of tetany or myxcedema fol- 
lowing his treatment. Our own expe- 
rience agrees with the findings of all these 
clinics. 

In view of the good results obtained by 
radiation over the cervical region in hyper- 
parathyroidism, and in view of the diffi- 
culty of operative procedure, it seems logi- 
cal to us that in all cases of diagnosed or 
suspected hyperparathyroidism, x-ray ther- 
apy should be given a trial before surgical 
procedure is undertaken. Irradiation 
causes no mortality, nor does it preclude 
surgical intervention should it be consid- 
ered later. Since the economic factor must 
be considered nowadays, we must state 
that x-ray therapy does not require hospi- 
talization and all the expense that goes 
with it. In many cases the patients can 
continue with their work. 

In a typical case of hyperparathyroidism, 
the x-ray findings are characteristic, and 
are best described by Camp and Ochsner 
(26). They are, in short, a decalcification 
associated with multiple cystic areas, and 
a uniform granular mottling, especially in 
the skull. The cystic areas are most fre- 
quently found at the points of most active 
bone growth, the metaphyses of the long 
bones. This has been experimentally 
proven by Jaffe, Bodansky, and Blair, and 
others. The vertebral bodies show marked 
decalcification, are flattened, and often 
show compression fractures. 

The clinical syndrome of hyperpara- 
thyroidism consists of the following signs 
and symptoms: pain in the affected bones; 
increase of serum calcium and a decrease of 
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serum phosphorus (not a constant finding) ; 
decalcification of some bones of the body 
(a constant characteristic) ; increased excre- 
tion of calcium and phosphorus in the 
urine; hypotonia of muscles; deposits of 
calcium in the kidneys, lungs, and even in 
the gastric mucosa may or may not be 
present; anemia; loss of appetite; slight 
temperature. Hyperplasia or hypertrophy 
of the parathyroids are often present, 
though not always. 

The most annoyingand constant signs and 
symptoms of hyperparathyroidism are the 
ones first to yield toirradiation therapy. It 
is interesting and dramatic to note the dis- 
appearance of pain over the part affected, 
in many cases after the first x-ray treat- 
ment over the cervical region. The regen- 
eration of diseased bone is usually noted 
from two to four weeks after the first series 
of treatments, though it may take two or 
three series before bone changes are noted. 
If there has been a disturbance in the blood 
calcium and blood phosphorus, it returns 
to normal usually after the first series of 
treatments, although here again we em- 
phasize the difficulty of obtaining uni- 
formly satisfactory laboratory reports. 
The general condition of the patient im- 
proves markedly after the first series. 

Our present technic is as follows: We 
treat the anterior cervical region, using an 
area 15 X 15 centimeters. This extends 
from just beneath the chin to a little below 
the sternal notch. We use 220 kv., 20 ma. 
0.5 mm. copper, 50 cm. distance. We give 
250 r each day for four successive days, 
then we wait for a period of three weeks 
and repeat the series. In many cases two 
or three series are all that are necessary; 
however, in some cases, four to five series 
may be necessary. We want to emphasize 
again that it has been our experience that 
in all cases the pain, which is the most an- 
noying symptom, decreases or even dis- 
appears after the first treatment. 

The general condition improves mark- 
edly after the first series. Most of our pa- 
tients who were incapacitated and were not 
able to walk or even stand when they first 
came in, were able to walk and do their 
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work after the first or second series of 
treatments. 


CASE HISTORIES 

Case 1. The patient was a white woman, 
single, aged 34 years. She first came to us 
for treatment for thyrotoxicosis; she had 
had a subtotal thyroidectomy on Aug. 14, 
1928. Following this operation, she was 
relieved of her toxic symptoms. Two 
years later all the symptoms returned and 
when she came to us for the first time on 
May 16, 1931, she was admitted in an am- 
bulance. At this time, she had all the car- 
dinal symptoms of thyrotoxicosis. The 
family history was non-essential. Physical 
examination revealed an emaciated woman, 
very nervous and apprehensive. Pulse was 
100; weight, 95 pounds. There was a mod- 
erate bilateral enlargement of the thyroid 
glands with a scar at the site of the previous 
operation. Wassermann was negative. 
B.M.R., plus 35. Blood, urine, and cal- 
cium were not done. As the patient was 
placed on the table for treatment, we noted 
that the right leg was semi-flexed and could 
not be manipulated without excruciating 
pain in the knee joint. The knee was 
slightly swollen. Radiographic examina- 
tion of the right knee showed cyst-like 
areas of bone destruction involving the dis- 
tal end of the femur with some periosteal 
proliferation. Examination of the chest 
and skull showed no evidence of abnormal- 
ity. The usual treatment for thyroid was 
administered and the patient was sent 
home. On June 6, 1931, three weeks after 
the first treatment, there was rather notice- 
able improvement in her condition. There 
was some gain in weight, less nervousness, 
and the knee was straight. The striking 
thing, however, was that the pain in the 
right knee had completely disappeared. 
Another treatment was given on June 27 
at which time the patient was able to walk 
in. There was no pain at all in the knee 
and the woman was feeling generally well. 
Radiographic examination of the knee at 
that time showed marked regeneration of 
the bone in the cystic areas previously re- 
ported. From then on the patient began 
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to gain in weight. On Aug. 29, 1931, while 
some of the toxic symptoms of the thyroid 
still persisted, parathyroid symptoms had 
completely cleared up and the patient was 
ready to return to work. She then weighed 
140 pounds, and is well to this date and 
working. 

Case 2. The patient, a boy aged 6 years, 
was admitted to the Children’s Hospital 
Clinic, in October, 1932. He had cut his 
left heel on a piece of glass, which healed 
without any complications. A month later 
he struck his heel and a slight swelling de- 
veloped. There was no evidence of skin 
damage or ecchymosis, but the heel was 
swollen and tender. The clinical impres- 
sion was osteomyelitis. The leukocytes 
were 6,700, increasing a week later to 
10,000; the temperature, pulse, and res- 
piration were normal. The foot was placed 
in a plaster cast. Roentgen examination 
on Jan. 24, 1933, three months after the 
onset of symptoms, showed an extensive 
decalcification of the bones of the left foot 
and a definite area of destruction in the 
posterior and inferior portion of the os cal- 
cis which was thought to be inflammatory. 
At the request of Dr. John Allan Talbot, 
who suspected that the disease might be 
hyperparathyroidism, the child received 
three treatments over the cervical region 
at monthly intervals. The pain was en- 
tirely relieved following the first x-ray 
treatment, and the cystic area in the os 
calcis had healed by May, 1933. The 


‘blood calcium in this case was 8.9 mg. per 


100 c.c. at the beginning of treatment. 
Case 3. The patient was a white woman, 
aged 62 years. She had fractured her right 
hip in 1927; complete union followed. In 
September, 1930, she fractured the right 
hip at the same site, and cystic areas were 
noted in the proximal third of the right 
femur; there was no union. In the late 
fall of 1932, she developed pain in the right 
shoulder, right hip, and lower back and be- 
came bedridden with intense pain. Roent- 
gen examination disclosed cystic changes in 
the femora, pelvis, lumbar vertebra, and 
the right clavicle. ‘The diagnosis made at 
that time was hyperparathyroidism, pro- 
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ducing osteitis fibrosa cystica. Roentgen 
therapy was not instituted, however, until 
May, 1933. Five series of treatments over 
the cervical region were given at intervals 
of three weeks. The pain has been com- 
pletely relieved and the general health 
much improved. The previously bedrid- 
den patient is now up and about. There is 
definite regeneration of the cystic areas, 
and a bony union between the femur and 
ilium is being established. 

Case 4. The patient was a white man, 
aged 60 years, whose history was unessen- 
tial until March, 1929, when he began hav- 
ing pain along the left tendo achillis. This 
was followed by pain and tenderness in 
both hands, forearms, and shoulders. The 
blood calcium at this time was 12.8 mg. per 
100 ¢.c. of blood. In November, 1929, the 
patient was “‘seriously crippled’’ and con- 
sulted Dr. Joel E. Goldthwait, of Boston, 
who found chronic arthritis with decalcifi- 
cation of the bones. He returned to his 
home in Washington and consulted Dr. 
Arthur C. Christie on Nov. 29, 1932, who 
made a diagnosis of hyperparathyroidism, 
based on the presence of cystic areas in the 
lower ends of the left radius and ulna, and 
severe pain. The blood calcium was 12.6 
mg. and the blood phosphorus 1.96 mg. per 
100 ¢.c. of blood. Three series were given 
over the cervical region at intervals of 
three weeks. There was slight improve- 
ment in the cystic areas in the radius and 
ulna and a diminution in the pain following 
the second treatment. By June 29, 1933, 
the patient was clinically well. The blood 
studies at that time showed 9.03 mg. of cal- 
cium and 4.0 mg. of phosphorus per 100 c.c. 
of blood. An insufficient time has elapsed 
to show complete healing in the cystic 
areas. 

Case 5. A white woman, aged 70 years, 
consulted us on Oct. 28, 1932. The past 


history was of no importance until April, 
1932, when the patient developed pain in 
the lower back and lower extremities. The 
pain became progressively more severe and 
gradually extended over the entire back. 
She was unable to walk and suffered in- 
tensely even in the recumbent position. 
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Roentgenograms of the spine showed ex- 
tensive decalcification and compression of 
the bodies of all of the lumbar vertebre and 
most of the dorsal. Roentgen therapy was 
applied, two series being given over the 
cervical region at intervals of three weeks. 
There was marked diminution in the in- 
tensity of the pain following the first treat- 
ment, and the patient was free of pain fol- 
lowing the third treatment. On June 6, 
1933, eight months after the first treat- 
ment, the patient was very comfortable and 
was able to be up and attend to her usual 
duties. 

Case 6. The patient was a white woman, 
aged 57 years, who complained of severe 
pain in the right buttock, small of the back, 
and right groin, radiating down to the right 
leg. There was weakness, loss of appetite, 
and general malaise. The patient had been 
well until March, 1935, at which time she 
first noticed pain in the right groin extend- 
ing to the posterior pelvis and occasionally 
down the right leg. Since May 1, 1935, she 
has been bedridden most of the time. The 
pain seems to be worse on the least bit of 
motion, and when lying still the pain is in- 
termittent in character. X-ray examina- 
tion of the pelvis showed extensive changes 
in the right innominate bone and the region 
of the acetabulum which has the appear- 
ance of a metastatic malignancy. The only 
other possibilities are myeloma or para- 
thyroid disease. The patient was examined 
most carefully. Breast, pelvic, and rectal 
examinations were done and no evidence of 
abnormality was found. Examination of 
the urinary tract, intravenous method, gall 
bladder, gastro-intestinal tract, skull, and 
chest were negative. Because of all the 
negative findings for the site of the primary 
malignancy, it was believed that the dis- 
ease may represent parathyroid disfunc- 
tion, and x-ray therapy was advised. 
The first series given was started on August 
8 and after the first two treatments the pa- 
tient stated that her pain was considerably 
relieved. On September 4 the woman re- 
turned, feeling much better in general. 
She was able to sit up in a chair and to walk 
a little without pain. At this time x-ray 
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re-examination of the pelvis was made and 
there was found increased destruction of 
the areas previously noted. Due to the 
general improvement, however, and to the 
disappearance of pain, another series was 
given. The patient returned eight days 
later, this time feeling much better in every 
respect. There was an increase in appetite, 
pain was entirely gone, and she was able to 
walk about. Nevertheless, a third series 
was given and on November 5 the patient 
returned feeling almost entirely well. She 
is now able to walk and has no pain at all. 
X-ray examination of the pelvis and hips 
at this time shows a very definite increase 
in the calcification of the areas previously 
noted. 

Case 7. The patient was a white woman, 
aged 63 years. Previous history was non- 
essential. In May, 1933, the patient had 
severe pain in the pelvis and femora; in 
June, 1935, she was bedridden, with ex- 
cruciating pain. There was loss of appetite 
and general malaise. X-ray examination 
of the chest, dorso-lumbar spine, and pelvis 
showed narrowing of some of the bodies of 
the vertebra, with extensive cystic degen- 
eration. The ribs and bones of the pelvis 
also showed marked cystic degeneration. 
There was a spontaneous fracture of the 
clavicle. Therapy was instituted, three 
series being given. While changes in the 
osseous system were not marked, the symp- 
toms of the disease disappeared almost en- 
tirely. The patient is now up and about, 
doing her housework. 
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REVIEW OF THE EARLY SCIENTIFIC ASPECTS OF PITUITARY HORMONES AND THE 
SIGNIFICANT FACTS IN REGARD TO THEIR INFLUENCE ON BONE GROWTH! 





By J. B. COLLIP, M.D., Montreal, Quebec, Canada 


SHE recent advances in endocrinology 

have been so great that there is hardly 

a medical specialty that it does not 
touch and influence to a greater or lesser 
degree. Hence, I feel that as an endo- 
crinologist I have to make no apologies for 
appearing before you to-day. I was asked 
to give you a short address on the physiol- 
ogy of the pituitary gland, but I felt that a 
paper by my colleague, Dr. Hector Morti- 
mer,” to which I might say a few words by 
way of an historical introduction, would be 
of more value to the members of your 
Society. 

Dr. Mortimer has been able to prove 
that hormones affect bone growth. The 
idea is not new, but Dr. Mortimer’s observa- 
tions will, I think, give conclusive evidence 
of the profound effects of certain hormones 
on skeletal development, differentiation, 
and architecture. 

Before speaking of hormones in particu- 
lar, let me call to your mind the older ob- 
servations on the profound effect at times 
of environmental conditions on the bony 
structures. Most important of these fac- 
tors is probably diet in the broadest sense. 

I shall now give you a few examples of 
the manner in which certain hormones may 
influence the skeleton either directly or in- 
directly. 

In 1924, I showed that parathyroid gland 
extracts containing the active principle had 
the power, when injected into dogs, of 
mobilizing calcium into the blood. Later 
work established that this calcium came 
from the skeleton. Calcium metabolism 
may be influenced by many factors, such 
as mineral salts and vitamins, pH of body 
fluids, hormones, etc., but the parathyroid 
glands must be looked upon as the chief 


1 Presented before the Radiological Society of North 
America, at the Twenty-first Annual Meeting, in De- 
troit, Dec. 2-6, 1935. 

2 Dr. Mortimer’s paper has not been received for pub- 
lication. 


The Editor hopes to have it for a later issue. 


680 


regulator of calcium metabolism. Since 
bone and teeth are largely constituted of 
calcium salts, the importance of the para- 
thyroid apparatus in relation to the de- 
velopment and maintenance of these struc- 
tures is obvious. Laboratory studies de- 
signed to demonstrate the effects of the 
parathyroid hormone showed very clearly 
that the calcium salts of bone must be con- 
sidered as mobile and not fixed. The inter- 
change between the depots in bone and the 
body fluids of calcium salts may indeed be 
quite considerable, and an imbalance in 
this interchange may lead to osteoporosis 
or osteitis fibrosa cystica, on the one hand, 
or to marble-bone and allied conditions on 
the other. It is in this connection that Dr. 
Mortimer’s work is so important, because 
it helps to explain just what has gone 
wrong in the normal physiologic processes 
when certain definite abnormalities in 
skeletal development or architecture are 
met with in clinical practice. 

The thyroid gland also has a definite in- 
fluence on calcium metabolism. Thyroid 
feeding is known to cause a great increase 
in calcium excretion by the bowel, which 
results in a negative calcium balance. The 
increased calcium excretion which results 
when parathyroid hormone is administered 
is by way of the kidney. The thyroid hor- 
mone does not affect the blood calcium 
level appreciably, but the skeletal struc- 
tures give up calcium under either thyroid 
or parathyroid medication. Animal ex- 
perimentation has shown that the long con- 
tinued use of parathyroid hormone results 
in a reversal of its effect on bone; marble- 
bone may be formed in the second stage, 
whereas a condition simulating osteitis 
fibrosa cystica may be demonstrated when 
the hormone has been given for short 
periods. Thus we see that the whole affair 
is extremely complicated. 

The hormones of the anterior pituitary 
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have variable effects upon calcium metabo- 
lism. Thus, hypophysectomy results in 
failure of bone growth. As you well know, 
the anterior lobe has many active prin- 
ciples and many functions to serve, and an 
analysis of these indicate that the effects of 
one active principle may be antagonistic, 
as regards some special physiologic reac- 
tion, to another principle from the same 
gland. This is well illustrated by an ap- 
parent antagonism between the growth or 
somatotropic hormone and the thyreo- 
tropic principle. Injections of the thyreo- 
tropic substance for short periods result in 
the production of a state of hyperthyroid- 
ism. Dr. Leonard Pugsley has been able to 
demonstrate an increased excretion of cal- 
cium in the hypophysectomized rat treated 
with the thyreotropic hormone. The puri- 
fied growth hormone has been shown to 
cause growth of both skeletal and muscular 
tissues in the hypophysectomized animal. 
The growth of the skeleton naturally re- 


EARLY SCIENTIFIC ASPECTS OF PITUITARY HORMONES 681 


sults in the deposition of calcium, and an 
actual increase in calcium balance has been 
demonstrated under these conditions. As 
regards calcium metabolism, therefore, 
these two pituitary principles seem to have 
antagonistic effects. 

There is a tendency, which comes as a re- 
sult of studying the physiologic effects of 
individual hormone substances, to overlook 
the integrative action of the whole endo- 
crine system. Perhaps, in the case of cal- 
cium metabolism in the widest sense, the 
integrative action of the endocrines is as 
well demonstrated as in any other instance. 

The paper which Dr. Mortimer will now 
present, and to which my brief remarks 
have been only a preamble, will demon- 
strate, I trust, to your delight as radiolo- 
gists, the new use to which a _ highly 
specialized technic in radiology has been 
put with a view to elucidating some of the 
problems which are presented by a study 
of the hormones. 








A STUDY OF A SERIES OF MENOPAUSAL CASES AFTER IRRADIATION 
OF THE PITUITARY GLAND! 








By CONRAD G. COLLINS, M.D., M.S., F.A.C.S., LEON J. MENVILLE, M.D., F.A.C.R., 
and E. PERRY THOMAS, B.S., M.D., New Orleans 


From the Departments of Gynecology and Radiology, Tulane University 


S,=HE climacteric, whether natural or 
artificial, in a large proportion of 
women produces a series of disturbing 

symptoms that at times assume distressing 
proportions. It is generally believed that 
these symptoms are due to a lack of ovarian 
secretion, a conclusion substantiated by 
the sudden appearance of the menopausal 
syndrome following castration by surgery 
or irradiation and the relief obtained in 
many of these cases by the injection of the 
female sex hormone. However, it is the 
authors’ belief that hyperfunction of the 
pituitary gland initiated by removal of the 
ovarian secretion is wholly or in the major 
part responsible for the appearance of this 
syndrome. No claim to priority in this 
view is taken, but pathologic, biologic, and 
physiologic studies will be presented to 
substantiate this view, as well as the 
rationale of irradiation of the pituitary 
gland for this condition. 

Following castration, Tandler and Grosz 
(1) showed that there is an increase in size 
and function of the anterior portion of the 
hypophysis. Rossle (2) found typical 
“castration cells’’ appearing in the anterior 
portion of the hypophysis following cas- 
tration, and state that these cells may ap- 
pear as early as four or five days following 
gonectomy. Evidence that a physiologic 
as well as a pathologic change occurs was 
produced by Engle (3) and Evans and 
Simpson (4), who implanted pituitary 
tissue from castrated rats into immature 
animals and showed them to be more 
potent in stimulating the ovaries than 
pituitary gland tissue from normal rats. 
Fluhmann (5) elicited the same results by 
injecting blood serum from castrated hu- 
mans but could not do so by injecting blood 
~~ 1 Presented before the Radiological Society of North 
America, at the Twenty-first Annual Meeting, at De- 
troit, Dec. 2-4, 1935. 
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serum from women with normal men- 
strual periods, irrespective of the time of 
the period the blood was obtained. From 
their experiments, Nelson (6), Wolfe (7), 
and Meyer, Leonard, Hisaw, and Martin 
(8) conclude that the injection of the fe- 
male sex hormone into castrated experi- 
mental animals decreases the amount of 
gonad-stimulating complex of the hypo- 
physis, with an almost complete dissap- 
pearance of the so-called ‘‘castration cells.” 
These latter experiments prove that the 
female sex hormone has an_ inhibitory 
action upon the anterior hypophysis, and 
that the results gained by injection of the 
female sex hormone in the menopause are 
obtained in this manner. 

Newell and Pettit (9) irradiated the 
pituitary gland for dysmenorrhea, and 
Fluhmann (cited by them) assayed the 
blood for anterior pituitary hormone. 
They concluded as follows: ‘‘An abnormal 
amount of anterior pituitary sex hormone 
in the blood was apparently reduced by 
irradiation of the pituitary.’”’ From these 
excellent pathologic, physiologic, biologic, 
and clinical experiments, the logical con- 
clusion is that the menopause syndrome is 
due primarily to an abnormal amount of 
prolan secreted by a _ hyperfunctioning 
anterior lobe of the pituitary, which is 
initiated by the withdrawal of the follicular 
hormone of the ovary. Borak (10) states: 
“A hyperfunction of the pituitary in the 
menopause, which Holzknecht and I sug- 
gested in 1924 on the basis of the effect of 
radiating the pituitary in climacteric up- 
sets, has been established as a definite field 
for radiotherapy by the demonstration of 
an excessive secretion of a follicle maturing 
hormone by the pituitary after cessation of 
ovarian function in the menopause.”’ 

Previous reports have recently been 
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published concerning certain favorable 
results obtained when the pituitary gland 
has been subjected to irradiation therapy. 
This form of therapy has been used for 
some time; in fact, it dates back some 
twenty-five years when Gramegna and 
Béclére, in 1909, treated pituitary tumors 
by irradiation therapy. Shortly there- 
after it was observed by certain investi- 
gators that patients treated for pituitary 
tumors with irradiation, who also had 
certain gynecologic disorders, were re- 
lieved of their menopausal symptoms. 
Hofbauer and Groedel, in 1922, Werner 
and Sahler, in 1923, and Borak, in 1924, 
were among the first to use irradiation 
therapy of the pituitary gland for this 
purpose. 

Failure to obtain desired results with the 
use of the female sex hormone in some 
cases of climacteric symptoms stimulated 
us to try irradiation of the pituitary. The 
results were so striking that we decided to 
use this therapeutic measure in all cases of 
menopausal syndrome encountered in the 
clinic so that a proper evaluation of its 
efficacy could be reached. 


ROENTGEN TECHNIC 


Roentgen-ray treatments were given 
with 120 kvp., 5 ma., 0.25 mm. Cu, and 1 
mm. Al, 30 cm. distance, 8 min., with a 
small portal given with a cone. The first 
exposure was given through the right tem- 
poral region, and on the following day was 
repeated on the left side. This constituted 
a series, each side receiving 148 r measured 
with back-scattering, making a total of 296 
t for both sides, the pituitary gland receiv- 
ing approximately 104 r. After an inter- 
val of about three weeks, the same proce- 
dure was again followed, making a total of 
two series, the skin receiving a total of 592 
r, and the pituitary gland receiving a total 
of about 208 r. While we appreciate that 
the roentgen-ray dose used in our series of 
cases was small, in fact, much less than 
that used by other investigators, we had in 
mind to use a non-destructive dose, yet one 
which would produce an ameliorating effect 


SERIES OF MENOPAUSAL CASES 683 





on the symptoms of our gynecologic pa- 
tients. Much larger doses could be used 
without producing any ill effect on the sur- 
rounding brain structures, which is capable 
of tolerating a very large dose of roentgen 
ray. Inthis regard, Borak (10) states that 
he has carried out thousands of irradiations 
of the pituitary gland in hundreds of cases 
during a period of ten years without en- 
countering any evidence of injury. We 
felt, however, that we should feel our way 
cautiously, especially since small doses 
were producing satisfactory results. In 
the future, we are planning to change our 
technic from time to time, observing 
whether it will be productive of better 
results. It may be of interest to mention 
that Newell and Pettit (9) in a recent pub- 
lication state that in their series of reported 
cases they used roentgen ray to the pitui- 
tary gland in doses of 385 r (measured in 
air), directed to each temple, over a period 
of five weeks, thereby treating various gy- 
necologic disorders with very good results. 

At present, we have irradiated a total of 
47 cases of menopausal syndrome. Of 
these, 24 had an artificial menopause, while 
in 23 it was spontaneous. These cases 
presented symptoms of flushes, dizziness, 
sweating, headaches, and _ nervousness, 
usually three or four of the symptoms ap- 
pearing in combination. In a number of 
patients, the dizziness was so marked as to 
cause the patients to fall, a few being afraid 
to venture into the street alone. The 
flushes varied in frequency; in some pa- 
tients, they occurred two or three times 
daily, in others, from ten to twelve times 
daily, being accompanied by profuse per- 
spiration. Nervousness was a marked fea- 
ture in the majority of cases. Headaches 
were least frequent but most difficult to 
control. Of the 47 cases, 40, or 85 per 
cent, experienced excellent results, in that 
all of the symptoms complained of either 
disappeared completely or occurred so in- 
frequently and mildly as to cause no dis- 
comfort or inconvenience whatsoever. In 
four cases (9 per cent) the results were fair 
in that, although most of the disagreeable 
symptoms disappeared, one symptom, usu- 
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ally the headache, would persist despite 
treatment. It is our intention to re- 
radiate these cases. In three cases (6 per 
cent) the treatment did not produce any 
improvement whatsoever and here again 
re-radiation will be tried. Our longest 
follow-up on any case was i6 months, this 
patient having remained entirely free of 
symptoms for this period of time. In sev- 
eral cases, three series instead of two were 
given because of a return of one of the 
symptoms in a moderate degree of severity 
(two cases), or because we wished to deter- 
mine the effect of a larger dose. In all 
seven cases, the final result was excellent. 
It is our intention in the future to give each 
patient three series of irradiation treat- 
ment, and determine if our results can be 
bettered in this manner. Five of the cases 
had had injections of the female sex hor- 
mone with no result. Following irradia- 
tion of the pituitary gland, all these cases 
showed a marked degree of improvement. 

These results compare favorably to those 
reported by Borak, who, in 1929, reviewed 
a series of 274 patients, SO per cent of whom 
had been so treated with relief; some had 
been observed for six years. In the re- 
maining cases, some improvement followed 
subsequent irradiation of the thyroid. 
Borak attributes this to the fact that the 
anterior pituitary following the menopause 
also secretes an excess of thyreotropin hor- 
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mone. We have not resorted to irradia- 
tion of the thyroid in any of our cases. 


CONCLUSIONS 


(1) The menopausal syndrome is pri- 
marily the result of an excess of prolan 
secreted by the anterior hypophysis ini- 
tiated by the withdrawal of the ovarian 
hormone. 

(2) Irradiation of the hypophysis for 
climacteric symptoms produces excellent 
results in the majority of cases. 

(3) Irradiation of the pituitary in the 
dosage given will not produce any harmful 
results. 


The authors are indebted to Miss Mar- 
garet Sanders, radiological technician, for 
her help and co-operation in this work. 
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THE IMPORTANCE OF ROENTGENOGRAPHIC STUDIES OF OSSEOUS DEVELOPMENT 
IN ENDOCRINE DIAGNOSIS! 





By H. C. SHEPARDSON, A.B., M.A., M.D., Associate Clinical Professor of Medicine, 


University of California Medical School, San Francisco 


From the Department of Medicine 


= HE discovery of the x-ray in 1895 pro- 
J idea a means for adequate study 

of osseous development. Although 
some confusion is apparent as to what 
actually constitutes a normal subject, roent- 
genologists have succeeded in demon- 
strating with considerable accuracy not only 
the average time at which the various 
centers of ossification make their appear- 
ance, but, of equal importance, the average 
age when the epiphyses unite. Further- 
more, it has been established, largely 
through endocrinologic investigations, that 
definite alterations in the osseous age of an 
individual result, almost uniformly, from 
disturbances in function of certain ductless 
glands. As a result, roentgenographic 
studies of children and young adults from 
birth up to 25 years of age may reveal a 
wealth of information of vast importance 
in endocrine diagnosis. 

Engelbach and McMahon (1) especially 
emphasized the importance of bone-age 
studies in the accurate diagnosis of duct- 
less gland disease. In 1924, they sum- 
marized the accumulated knowledge of the 
chronologic appearance of the ossification 
centers in normal children. Later, the 
researches of Shelton (2) resulted in the 
preparation of the tables for normal osseous 
development (Tables I-IV) which at pres- 
ent are used as standards for determining 
the skeletal age of both normal and ab- 
normal children. 

Although the size, shape, and consistency 
of the bony framework of the body may be 
materially altered by hormonal changes 
Which have their beginning in the latter 
decades, it is obvious that diseases of the 


' Presented before the Radiological Society of North 
America, at the Twenty-first Annual Meeting, at 
Detroit, Dec. 2-6, 1935. 


OSS 


ductless glands originating in adult life 
can have no influence on skeletal growth. 
No endocrine affliction having its onset 





Fig. 1. Typical case of juvenile 
myxedema. Age, 12 years 3 
months; height, 30 inches; 
weight, 29 pounds; x-ray bone 
age, 6 months to one year. 
(Through the courtesy of Dr. C. 
Kelly Canelo, San José, Califor- 
nia.) 


after the twenty-fifth year can unsettle 
these structural foundations. When, how- 
ever, the endocrinopathies of infancy, 
childhood, and adolescence are under con- 
sideration, profound influences upon os- 
seous development may be apparent. In 
fact, radiologic evidence of variation from 
the accepted normal somatic growth at 
times assumes a more important role in 
proper diagnosis than do determinations of 
the basal metabolic rate, studies of the 
blood chemistry, or other so-called specific 
laboratory procedures. 

Endocrinologists have long been con- 
cerned with the hormonic cause of ab- 
normal ossification. For the most part, 
however, their interest has centered about 
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Age Joint 
Knee (Lat.) 
Birth 
Ankle (Lat.) 
( Wrist (AP 
1 2 Shoulder (AP) 
yea 4 
: . (AP 
(12 mo —_ 
Ankle (Lat) 
Shoulder (AP 
2 years Elbow (AP 
24 mo. 
Ankle (Lat) 
Wrist (AP 
3 years 
(36 mo 
Ankle (AP) 
| Wrist (AP 
Hip (AP) 
4 years 
(48 mo.) Knee (Lat) 
Ankle (Lat 
Wrist (AP 
5 years 
(60 mo Elbow (AP) 


Knee (Lat) 


Osseous centers new to the age are denoted by an asterisk. 
Table showing norma! osseous development 


Engelbach 
Osseous Centers Present Shelton 
' *Dist. ep. femur....... Birth 
| *Prox. ep. tibia....... Birth 
*Talus, cuboid......... Birth 
{ *Calcaneus. . Birth 
*Capitate.. 4th mo 
*Hamate eye 5th mo. 
_*Dist. ep. radius....... 6-8 mo. 
*Ep. head humerus 3-5 mo. 
*Ep. head femur....... 9-11 mo. 
Talus, cuboid 
} Calcaneus 
*Ext. cuneiform....... Ist yr. 
*Dist. ep. tibia........ Ist yr. 
Ep. head humerus 
_*Gr. tub. humerus... . 2d yr. 
*Cap humerus......... 2d yr. 
Talus, cuboid 
Calcaneus 
Ext. cuneiform 
Dist. ep. tibia 
\ *Dist. ep. fibula....... 2d yr. 
Capitate, hamate 
Dist. ep. radius 
< Siremgelerns.......... 3d yr. 
*Ep. phalanges........ 3d yr. 
_*Ep. metacarpals...... 3d yr. 
Talus, cuboid 
Calcaneus 
Ext. cuneiform 
Dist. ep. tibia 
Dist. ep. fibula 
*Ep. metatarsals....... 3d yr. 
. *Int. cuneiform........ 3d yr. 
’ Capitate, hamate 
Dist. ep. radius 
Triangularis 
Ep. phalanges 
Ep. metacarpals 
*Lunate.. 4th yr. 
Ep. head femur....... 4th yr. 
| *Ep. gr. trochanter..... 
Dist. ep. femur 
Prox. ep. tibia 
*Prox. ep. fibula.. 4th yr. 
' Talus, cuboid 
Calcaneus 
Ext. cuneiform 
Dist. ep. tibia 
Dist. ep. fibula 
Ep. metatarsals 
Int. cuneiform 
*Mid. cuneiform 4th yr 
*Navicular. . 4th yr 
Capitate, hamate 
Dist. ep. radius 
Triangularis 
Ep. phalanges 
Ep. metacarpals 
Lunate 
*Jrapezium.... 5th yr. 
*Scaphoid 5th yr 
Cap. humerus 
*Prox. ep. radius 5th yr 
Dist. ep. femur 
Prox. ep. tibia 
Prox. ep. fibula 
| *Patella 5th yr 





Age of patients from birth to 20 years 


Time of Appearance According to 





Baetjer 

Waters Knox Rotch Poland Cohn 
Birth Birth Birth 2d week Birth 
Birth Birth Birth 2d week Birth 
Birth Birth Birth Birth Birth 
Birth Birth Birth Birth Birth 

Ist yr. Ist yr. Ist yr. 8th mo. 6th mo. 
Ist yr. Ist yr. Ist yr. Ist yr. 6th mo. 
2d yr. 2d yr. 2-4 yr. 2d yr. 6th mo. 
6-7 mo. 5th mo. 7th wk. Festa eis 7th wk. 
Ist yr. [st yr. Ist yr. 10th mo. 6-12 mo. 
Ist yr. Ist yr. au ee ea Ist yr. 
Ist yr. Birth 18th mo. 5th mo. 
3-4 yr. 3d yr. 2-3 yr. 2d yr. 
Ist yr. 2d yr. 17th mo. 
2d yr. 2d yr. 2-3 yr 2d yr 13th mo. 
3d yr. 3d yr. 2-3 yr 3d yr. 3d yr. 
3d yr 3d yr. 2-3 yr 3d yr. 2-3 yr. 
3d y 3d yr. 2-3 yr 3d yr. 2-3 yr. 
3-7 yr 3d yr. 3d yr. 3 yr. 6 mo. 
3d yr 3d yr. 3d yr. 3 yr. 6 mo. 
4th yr. 4th yr. 4-5 yr. 4yr.6mo. 4th yr. 
4th yr. 4th yr. 4th yr. 4th yr. 
3—4 yr 4th yr. 4th yr. 4-5 yr. 
4th yr. 4th yr. 4th yr. 3-4 yr. 
4th yr. 4th yr 4th yr. 3-4 yr. 
5th yr. 5th yr. 5th yr. 4yr.6mo. 5-6 yr. 
5th yr. 5th yr. 5-6 yr. 5th yr. 4-5 yr. 
5th yr 5th yr. 5th yr. 5-7 yr. 
3-4 yr 3d yr. 2-3 yr. 5th yr. 


“Lat.” lateral view; ‘‘AP’’ anteroposterior view. 
Taken from the article by Shelton, 1931. 







































TABLE I.—ROENTGENOGRAPHIC STUDIES IN NORMAL OSSEOUS DEVELOPMENT—INFANTILE 
(1-5 YEARS) 


Allen 
Birth 
Birth 
Birth 
Birth 
3-6 mo. 
5-12 mo. 
8-15 mo, 
1-2 yr, 
Ist yr. 


2d yr. 


2-3 yr. 
1-3 yr. 
3d yr. 


2-3 yr. 


3-4 yr. 
4-5 yr. 


~ > 
on 
a 
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mo, 
mo. 
mo, 
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the explanation of a retarded unfolding of 
the osseous system. Relatively few. cases 
of advanced skeletal development have 


‘N 


ent. Right: 
years 2 months; x-ray bone 


been reported, although the finding of an 
accelerated bone age is equally as important 
clinically as is the demonstration of a 
retarded bone age; in fact, it may be more 
so. Normal bony development predicates 
normal body metabolism. Consequently, 





TABLE 
Additional Osseous Engelbach 
Age Joint Centers and Unions Shelton 
6 years Wrist (AP) *Trapesold .....65..65 5 6th yr. 
(72 mo.) *Dist. ep. ulnma....... 6th yr. 
Elbow (AP) *Int. cond. humerus.... 6th yr. 
Shoulder (AP) *Union head and gr. 
tub. humerus....... 6th yr. 
7 years Hip (AP) *Union ischium and 
(84 mo.) re 7th yr. 
8 years Knee (AP) *Depression for semi- 
MIMO COEE) 60s ccnses 8th yr. 
(96 mo.) Ankle (Lat) *Ep. os calcis......... 8th yr. 
9 years Elbow (Lat) WEROIORs 655 (aa xs vals 9th yr. 
(108 mo.) *Olecranon........... 9th yr. 
10 years Wrist (AP) *Pisiform ; . 10th yr. 
(120 mo.) Hip (AP) *Epiphysis lesser tro- 
chanter femur. . 10th yr. 
11 years Elbow (AP) *Ext. cond. humerus... 11th yr. 
(132 mo.) Knee (Lat) *Tubercle tibia.... . lith yr. 
12 years Elbow (AP) *Union trochlea and 
(144 mo.) capitellum 12th yr 


Table showing normal osseous development. Age o 
by Shelton, 1931. 
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Fo | 
«uc 
_ ona ‘a me 
Fig. 2. Retarded bone 
myxedema. Left: 
years; x-ray bone age, 12 years. 


only two carpal bones present. 
Dr. C. Kelly Canelo, San José, California.) 
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a delayed rate of ossification may result 
not only from disturbances in function of 
the endocrine system but from other 





4 





age characteristic of juvenile 


Normal child—chronological age, 12 


Note all carpal bones pres- 


Childhood myxedema—chronological age, 12 


age, 6 months to 1 year. Note 
(Through the courtesy of 


factors, usually dietetic in nature, which 
profoundly affect the rate of general body 
metabolism. One has only to recall the 
retarded growth and physical development 
of the diabetic child during the pre-insulin 
era to realize the effect of an inadequate 


II.—ROENTGENOGRAPHIC STUDIES IN NORMAL OSSEOUS DEVELOPMENT—JUVENILE 
(6-12 YEARS) 


Time of Appearance and Union According to 


ve ‘ an —— 

Baetjer 

Waters Knox Rotch Poland Cohn Allen 

6th yr. 6th yr. 6-8 yr. 4yr.6 mo. 5-6 yr. 5-6 yr. 

4th yr. 4th yr. 5-7 yr 4-5 yr 6-7 yr. 6-8 yr. 

5th yr. 5th yr 5th yr. 7-11 yr. 5-8 yr. 

6th yr. 5th yr. 6th yr. 4-7 yr 

7-9 yr 7-8 yr. 7-8 yr 5-7 yr. 7-10 yr. 

eT eR ; Sth yr. 

10th yr 10th yr. 9th yr ‘ 8-9 yr 7-10 yr 

10-ll yr. 11-12 yr. 10th yr 8-9 yr 

8-9 yr 10th yr. 10th yr 8-10 yr. 10th yr 

8-ll yr. 12th yr. 12th yr 13th yr 10-13 yr. 9-13 yr. 

11-13 yr. 13-14 yr 2-14 yr. 13th yr 11 yer 8-14 yr. 

12-14 yr 13-14 yr. 12-13 yr ‘ 7-11 yr. 2-14 yr. 
Lith yr. 

16th yr. 16-17 yr. 11-138 yr 


f patients from birth to 20 years. Taken from the article 
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Fig. 3. Hypophyseal infantilism. Patient is 
aged 17 years and 8 months. His height is 54!/, 
inches, and his weight 85!/2 pounds. Note his 
childish appearance; also absence of facial and 
body hair, and retarded genital development. 
U. C. O. P. D. 209,620. 

Clothed figure to the right shows normal de- 
velopment. 














Union Ep. with 








Birthday Joint Diaphysis Shelton 

3th-15th Elbow (Lat Olecranon 13-14 yr. 

Ankle (Lat Ep. os calcis . 13-14 yr. 

14th-16th Elbow (AP Ext. condyle 14-15 yr. 
Head radius 4 

Hip (AP Trochanters 14.15 yr 





Head femur 





Wrist (AP Ep. phalanges 14-15 yr 





Ep. metacarpals 











Ankle (AP Ep. phalanges 14-15 yr 
Ep. metatarsa!s ; 
16th-18th Ankle (AP Dist. ep. tibia 16-17 yr 
Dist. ep. fibula 
17th—19th Wrist (AP Dist. ep. radius 17-18 yr 
Dist. ep. ulna 
Shoulder (AP Head humerus 17-18 yr 
Gr. tuberosity 
Knee (AP Dist. ep. femur 
Prox. ep. tibia 17-18 yr 





Prox. ep. fibula 








by Shelton, 1931. 





TABLE III.—ROENTGENOGRAPHIC STUDIES IN 
ADOLESCENT (13-18 YEARS) 





Table showing normal osseous development. Age of patients from birth to 20 years. Taken from the article 
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metabolism on skeletal growth. Yet it 
must be admitted that, unless the metabolic 
disturbance is of such a grave nature as to 
be entirely obvious, its rdle as a morbific 
factor in retarded ossification shrinks to 
relative insignificance. Contrariwise, the 
hormonic influences on the speed of 
metabolism are well known.  Conse- 
quently, it usually becomes necessary to 
explain either a retarded or advanced bone 
age as resulting from disturbances in func- 
tion of one or several of the ductless glands. 

In order to avoid confusion in briefly 
presenting the effect of endocrine dis- 
turbances on osseous development, diseases 
of the ductless glands for this purpose may 
be rather arbitrarily divided into (a) those 
which result in delayed ossification, and (d) 
those which produce premature ossification. 
A third group of diseases, non-endocrine in 
nature or whose incretory origin is un- 
certain, but which seemingly may influence 
bony development, will also be mentioned. 

A. Endocrine Diseases Resulting in De- 
layed Ossification (Retarded Bone Age).— 
While it is to be admitted that apparently 
normal children may, on rare occasions, 
give evidence of a slightly retarded bone 
age, the most common endocrinopathy 
which results in a delayed appearance of 


NORMAL OSSEOUS DEVELOPMENT—-FEMALE 


Time of Union According to 


Baetjer 
Waters Knox Rotch Poland Cohn Allen 
17th yr. 16th yr ppkkiw ic) “a daa ye: ee 17th yr. 
18th yr 15th yr Mth ger. «..6.365 Bi ye. 15-20 yr. 
18-19 yr. 16-17 yr. . tse Srsevces SCPE ge: 26-Tee, 
137 90. STAB le. nesses enscse BRR ye, 15-20 yr. 
17-18 yr. 17-18 yr. 18th yr. 18-19 yr. 15-16 yr. 17-22 yr 
17-18 yr. 18th yr 19th yr 15-16 yr. 18-19 yr. 
16-17 yr. 18-20%. ....... cenveues See. 18-20 yr. 
17-18 yr. 18th yr 18th yr. 14-20 yr. 
17th yr 18-20 yr RMON ae eee PLO ME 
17th yr 14-21 yr. 
17-18 yr. 18th yr errr 1s 18th yr. 
18-25 yr. 20th yr. : .. 19-21 yr. 18th yr 20-22 yr. 
17-18 yr. 20th yr ‘ .. 19-23 yr. 20-21 yr. 21-25 yr. 
18th yr. 20th yr ..... 18-20 yr. 20-21 yr. 18-24 yr 
20th yr ..e+. 18-20 yr. 19-20 yr. 18-19 yr. 
20th yr wrevtroe | te." 
18-20 yr. 20th yr ... 20-23 yr. 19th yr. 20-24 yr 
18-20 yr. 20th yr weeee 21-22 yr. 19th yr. 19-24 yr 
18-25 yr. 25th yr ; . 20-23 yr. 19th yr. 20-22 yr. 
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Normal mile aet 18. 
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Hypophyseal dvarf- male- ast 18. 
Bone age 135 years. 


Fig. 4. Hypophyseal infantilism. The bone age studies of the patient shown in Figure 3. 


the osseous nuclei is juvenile myxedema. 
Even the milder forms of hypothyroidism 
which fail to produce the clinical picture 
of active myxedema almost uniformly re- 
sult in a demonstrable delay in epiphyseal 
closure. 

A typical case of juvenile myxedema, for 
which the term “‘sporadic cretinism’’ is 
frequently synonomously although errone- 
ously used, displays such glaring ab- 
normalities that once seen it should be 
immediately recognized. The child (Fig 
1) is somewhat obese, mentally retarded, 
and dwarfed in stature (3). The skin is 
thick and dry, and perspiration is usually 
absent. The hair is sparse, coarse, and 
dry. The face is broad and round with a 
low wrinkled forehead. The eyes are sunken 
and wide apart, the lid slits are narrow 
and the lids themselves puffy. The nose 
has some resemblance to the saddle nose of 
congenital syphilis and achondroplasia. 





The tongue is large, thick, and juicy, and 
often protrudes so that the mouth gapes 
open and drools. The combination forms 
a face which is at once stupid and repulsive. 

The condition of the teeth depends upon 
the age of onset of the disease. Delay in 
eruption of both the temporary and 
permanent teeth is almost a constant find- 
ing. 

The neck is short and thick, the thorax 
flat. The abdomen is markedly protuber- 
ant (“‘pot belly’’) and frequently shows an 
umbilical hernia. The arms and legs are 
short, the hands puffy, and the spine may 
show lordosis or kyphosis. The skeleton 
remains dwarfed. 

The genitalia are sometimes retarded in 
development, and the secondary sex char- 
acters and transformations which occur at 
puberty frequently are markedly delayed. 
Occasionally there may be observed a slight 
sexual precocity, especially in girls, with 
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Normal female aet 34, 


Fig. 5. 


Birthday Joint 
14th-16th Elbow (Lat 
Ankle (Lat 
15th-17th Elbow (AP 
Hip (AP 
Wrist (AP) 
Ankle (AP) 
17th-19th Ankel (AP) 
18th-20th Wrist (AP) 


Shoulder (AP) 


Knee (AP) 


Table showing norma! 
by Shelton, 1931. 
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IV.—ROENTGENOGRAPHIC STUDIES 


NwiAEHe A 


wien da-i 


Female eunuchoid aet 32. 
Distal epiphysis of radius not uni 
Bone age about 19 years. 


IN 


ADOLESCENT (15-20 YEARS) 


Union Ep. with 
Diaphysis 

Olecranon 
Ep. os calcis 
Ext. condyle 
Head radius 
Trochanters 
Head femur 
Ep. phalanges 
Ep. metacarpals 
Ep. phalanges 
Ep. metatarsals 
Dist. ep. tibia 
Dist. ep. fibula 
Dist. ep. radius 
Dist. ep. ulna 
Head humerus 
Gr. tuberosity. 
Dist 


Prox. ep. tibia 


ep. femur... 


Prox. ep. fibula 


osseous development 


Shelton 


14 
14 


15 


18 


Age of patients from birth to 20 years. 


15 yr 


15 yr. 


16 yr 


16 yr. 
16 yr’ 
16 yr. 
7-18 yr. 


-19 yr. 


19 yr 


19 yr. 


Baetjer 
Waters 
17th yr. 
18th yr. 
18-19 yr 
16-17 yr. 
17-18 yr 
17-18 yr. 
16-17 yr 
17-18 yr 
17th yr. 
17th yr 
17-18 yr. 
18-25 yr 
17-18 yr. 
18th yr 


18-20 yr. 


18-20 yr 
18-25 yr 


NORMAL OSSEOUS 


Time of Union According to 


Knox 
16th yr. 
15th yr. 


16-17 yr. 
17-18 yr. 
17-18 yr. 


18th yr. 


18-20 yr. 


18th yr. 


18-20 yr. 


18th yr. 
20th yr. 
20th yr. 
20th yr. 
20th yr. 
20th yr. 
20th yr. 
20th yr. 
25th yr 


Rotch 
15th yr. 


18th yr. 





Pre-adolescent eunuchoid. Bone age studies of the patient shown in Figure 6. 


DEVELOPMENT- 
Poland Cohn 
14th yr 
15th yr. 
16-17 yr. 
(atscave ee 
18-19 yr. 15-16 yr. 
19th yr. 15-16 yr. 
18th yr. 
18th yr. 
18th yr. 18th yr. 
19-21 yr. 18th yr. 
19-23 yr. 20-21 yr. 
18-20 yr. 20-21 yr. 
18-20 yr. 19-20 yr. 
20th yr. 
20-23 yr. 19th yr. 
21-22 yr. 19th yr. 
20-23 yr. 19th yr. 


Taken from the article 


————— 


—~MALE 


Allen 
17th yr. 
15-20 yr. 
16-18 yr. 
15-20 yr. 
17-22 yr. 
18-19 yr. 
18-20 yr. 
14-20 yr. 
16-23 yr. 
14-21 yr. 


20-22 yr. 
21-25 yr. 
18-24 yr. 
18-19 yr. 


20-24 yr 
19-24 yr. 
20-22 yr. 
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yr. 
yr. 
yr. 
yr. 
yr. 
yr. 
yr. 


yr. 
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yr. 
yr. 
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Fig. 6. Pre-adolescent eunuchoid. The patient 
is 34 years of age and has never menstruated. 
Note the eunuchoid proportions the long bones and 
the absent mammary development. Bone age is 
about 19 years. 

The clothed figure to the right shows normal de- 
velopment. 


early development of breasts and pubic 
hair and early onset of irregular but pro- 
fuse menstruation. 

The most striking evidence of skeletal 
retardation is seen in the delayed appear- 
ance of the various ossification centers 
(Fig. 2). No study of a case of juvenile 
myxedema is complete without roentgeno- 
graphic estimation of the bone age, for 
demonstration of a retarded osseous de- 
velopment is frequently of fundamental 
importance. Determination of the basal 
metabolic rate in infants is not generally 
possible because of the circumstantiality 
of the test. Furthermore, as recently 
emphasized by Canelo and Lisser (4), the 
mental retardation so frequently pro- 
nounced mitigates against proper co-opera- 
tion by the child and often prevents 
performance of the test altogether. 

Not infrequently many of the signs of 


juvenile myxedema may be absent; in fact, 
myxedema should be considered a symp- 
tom, not a disease. Infantile or juvenile 





Adrenal cortical 
hyperplasia in a female aged 


Fig. 7-A. 


five years. The  patient’s 
height is 49°/; inches and her 
weight is 55!/2 pounds. Well 


developed pubic hair. 


hypothyroidism may vary in_ severity 
within wide ranges, so that the myxedema- 
tous condition should not be considered the 
essential feature in the diagnosis of thyroid 
insufficiency. But uniformly there is to 


be found a definite retardation of ossifica- 
tion which, generally speaking, parallels 
the degree of thyroid deficiency. 

The dwarfism of hypothyroidism is to be 
differentiated from that resulting from 











Fig. 7-B. (Same case as shown in Figure 7-A.) 
Clitoris is markedly hypertrophied. U.C. 
O.P.D. 153,553. 


pre-adolescent hypopituitarism, hypophy- 
seal infantilism (Fig.3). In the latter con- 
dition there may be a marked inhibition 
of skeletal growth, but this childhood form 
of dwarfism is accompanied by a slender 
figure without puffiness, and is invariably 
characterized by arrested sexual develop- 
ment. This infantilism, which results 
from deficiency of the growth and sex 
hormones of the adenohypophysis, occurs 
far more frequently than is generally sup- 
posed. 

The skeleton of the hypophyseal dwarf 
is invariably delicate and gracile. The chin 
may be markedly recessive, the palatal 
arch narrow and highly vaulted. The 
teeth are apt to be overcrowded and forced 
out of alignment by reason of the inade- 
quate development of the jaws. The skin 
is curiously smooth and delicate, and 
bruises easily. The saddle nose, thick 
tongue, and myxedematous puffiness are 
absent. 

The mentality of such children is ordi- 
narily normal. Many are above the average 
mentally; only rarely does slight retarda- 
tion occur, and the demeanor of this type 
of dwarf is composed, bright, and cheerful, 
as is to be expected since the psychic and 
mental development remains normal. 
The genital aplasia is extremely con- 
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Fig. 8. Adrenal cortical adenoma in a male, 


aged four years and 11 months. The patient’s 
height is 47!/s inches and his weight is 59 pounds. 
He has a well developed mustache and pubic hair; 
also adult genitalia. The skull plates are normal. 
Left adrenal tumor demonstrated by retrograde 
pyelogram. Bone age is between 11 and 12 years 
(See Fig. 10). (Through the courtesy of Dr. H. 
Lisser, San Francisco, California.) 


spicuous; the external and _ internal 
genitalia remain peristently retarded. The 
secondary sex characters may never de- 
velop. In fact, these patients persist, even 
into adult life, in a childish state of skeletal 
and sexual development, unless prolonged 
and intensive administration of pituitary 
growth-stimulating and gonadotrophic hor- 
mone is employed. 

Roentgenographic studies of the skull 
may be entirely negative. The sella turcica 
may appear small, with bridging of the 
clinoid processes. Yet, it should be 
emphasized that the size of the bony en- 
casement is no direct clue to hormonic 
function. Epiphyseal closure is apt to 
proceed at a fairly normal rate but a slight 
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retardation is not uncommon. However, 
this retardation in bone age (Fig. 4) is 
usually much less than that in the hy- 
pothyroid dwarf. 
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tinue for many years after it should have 
ceased. 


The pre-adolescent eunuchoid (Fig. 6) 


is tall, slender, and undernourished, with 





Fig. 9-A. 


Fig. 9-B. 


Fig. 9-A. Normal female, aged 5 years. 
Fig. 9-B. Advanced bone age caused by adrenal cortical hyperplasia. 


Roentgenographic studies of patient shown in Figure 7. 


Chronological age 


is 5 years; bone age is from 13 to 14 years. 


Another rather frequent cause of de- 
layed ossification is the preadolescent 
failure of the hormonic activity of the 
gonads. This, however, results not in 
dwarfism but in undue tallness with dis- 
proportionately long extremities. Closure 
of the epiphyses is greatly delayed even to 
late adult life (Fig. 5), probably as a result 
of loss of the growth-checking principle 
which supposedly emanates from the inter- 
stitial tissue of the ovaries and testes. In 
fact, roentgenograms may demonstrate 
ununited epiphyseal junctures as late as 25 
or 30 years of age, and in the presence of an 
active growth-stimulating principle from 
the anterior hypophysis this delay in 
epiphyseal closure permits growth to con- 


a narrow flat chest, long slender fingers, 
and long narrow feet. The complexion is 
apt to be pasty and acned; the vitality is 
meager. The genitalia remain infantile; 
the secondary sex characters remain im- 
mature. In girls, the menarche occurs 
very late if at all. The tall stature and 
long extremities readily differentiate them 
from both the hypothyroid and the hypo- 
pituitary dwarfs, even though delayed 
epiphyseal closure is common to all three. 
Interestingly enough, the bone nuclei are 
usually normal for the age in pre-adolescent 
hypogonadism, a condition which is strik- 
ingly different from the delayed appearance 
of the nuclei associated with infantile or 
juvenile hypothyroidism. 











Accelerated osseous development re- 


Fig. 10. 
sulting from adrenal cortical hyperactivity. 
Roentgenographic studies of patient shown in 
Figure 8. Chronological age is 4 years and 11 
months; bone age is between the ages of 11 and 12. 


B. Endocrine Conditions which Pro- 
duce Premature Ossification (Advanced Bone 
Age).—Abnormal function in childhood 
of at least three ductless glands is capable 
of producing a startlingly premature epi- 
physeal closure. They are the pineal gland, 
the cortical portion of the adrenal glands, 
and the gonads. Tumor or hyperplasia 
with the consequent increase in incretory 
function of each of these glands produces a 
precocious “‘skeletal ripening which for a 
time simulates gigantism.’”’ It ends, how- 
ever, as prematurely as it began, giving the 
effect of a transient gigantism, the final 
stature being in fact rather small since 
the skeletal growth is not permitted to 
continue over as long a period as usual. 

Radiologic demonstration of the some- 
times markedly accelerated bone age com- 
mon to pinealism, suprarenal hyperac- 
tivity, and hypergenitalism helps not at 
all in differentiating these three conditions 
one from the other. All are characterized 
by precocious puberty (Fig. 7), and by 
early sexual maturity both as regards the 
size of genitalia and development of 
secondary sex characters, with mental and 
psychic states being correspondingly ad- 
vanced. Determination of the causation 
of this premature development of the entire 
organism depends upon the demonstration 
of localizing signs, such as increased 
intracranial pressure and quadrageminal 
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signs in involvement of the pineal, the 
presence of an abdominal tumor in the 
case of suprarenal or ovarian neoplasm, 
or the finding of a tumor of the testicle. 
The final diagnosis may be entirely de- 
pendent upon the results of roentgen 
examination of the skull and especially 
retrograde pyelograms. : 

Tumors of the suprarenal cortex develop- 
ing in childhood occur far more frequently 
in girls. However, Lisser (5), after a 
meticulous search of the literature, found 
eight unquestionable instances of adrenal 
cortical tumors causing sexual precocity 
in boys. He reports a ninth case, the only 
recorded one in which the tumor was suc- 
cessfully removed (5-a). 

On the other hand, pineal tumors have 
consistently occurred in boys. This is a 
rare disease of childhood, which, in the 
cases reported, has been characterized 
clinically by general symptoms due to in- 
creased intracranial pressure, focal symp- 
toms due to pressure on neighboring struc- 
tures, as well as the endocrine manifesta- 
tions of macrogenitosomia pracox. 

Most of the gonadal tumors have oc- 
curred in girls; in fact, most of the cases of 
precocious puberty in girls have been found 
to result from ovarian growths, probably 
granulosa-cell tumors. Hyperfunction of 
the internal genitalia with consequent 
abnormally early menarche is_ usually 
associated with this type of tumor. Pre- 
mature onset of the menstrual cycle points 
to pathologic involvement of the ovaries, 
whereas suprarenal cortical tumors are 
more apt to produce hypertrophy of the 
external genitalia. In addition, the latter 
(suprarenal cortical tumors) seem to pro- 
duce a “‘tendency to the development of 
the male at the expense of the female 
characters in the girls (virilismus) and an 
intensification of the male characters in the 
boy (pubertas precox virilis).”’ Girls are 
masculinized, as is exemplified by the 
growth of beard and mustache, hair on the 
chest, abdomen, and upper thighs, and by 
hypertrophy of the clitoris, deepening of 
the voice, and a masculine body con- 
figuration. Boys of four or five (Fig. 8) 
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may have the external genitalia of the 
adult, with abundant hair on the mons 


tion may be a factor. 
overgrowth in height may precede the 


The obesity and 


pubis, in the axilla, and on the upper lip premature appearance of menses often by 





Fig. 11-A. 


Fig. 11-B. 


Fig. 11-A. Normal female, aged 12 years. 

Fig. 11-B. Accelerated osseous development, resulting from granulosa cell tumor. 
Menarche at 5 months. The patient had pubic hair and some mammary de- 
velopment at 2 years. Chronological age is 11 years and 11 months. The patient’s 
height and weight are normal but the trunk is disproportionately long. External 
genitalia are normal. Bone age is 17 years. 


and the chin. The accelerated develop- 
ment found in tumors of each of the three 
glands, pineal, adrenal cortex (Fig. 10), and 
gonad (Fig. 11), is accompanied by ad- 
vanced ossification, dentition, and bone 
growth, all of which may be adequately 
demonstrated by proper roentgen exami- 
nation (6). 

Recently, Reilly (7) has called attention 
to a peculiar and as yet unexplained 
clinical syndrome, having as its cardinal 
features advanced ossification accompanied 
by increased height, occurring only in girls 
and associated with an early menarche, 
premature development of secondary sex 
characteristics, obesity, and definitely re- 
duced metabolic rate. The latter is not 
accompanied by the usual signs of hypo- 
thyroidism (Figs. 12 and 13). 

A similar syndrome occurring in boys 
has not been discovered, consequently, it 
is possible that a disturbed ovarian func- 





many years, so that a primary anterior 
lobe hyperpituitarism, involving both 
growth-stimulating and maturity-provok- 
ing hormones, might theoretically account 
for the rapid growth, advanced ossification, 
and somewhat early sexual maturity. It 
is difficult, however, to explain the obesity 
and lowered basal metabolic rate on this 
basis. In as much as pathologic material 
is not available to assist in the determina- 
tion of the possible etiologic factors, the 
syndrome for the moment must remain 
an engima. 

Comparable after a fashion to the syn- 
drome of advanced ossification, precocious 
skeletal development and early maturity, 
described by Reilly, is the condition 
thoroughly studied by Le Marquaud (8). 
This remarkable child of two and one-half 
years of age had a bone age estimated at 
10 years. His genitalia were developed to 
proportions considered as about one-half 











696 


the adult size, and his psyche, in certain 


respects at least, was greatly advanced. 


Obesity was a minor factor, for while the 





Fig. 12. 
The patient is aged 13 and one- 


“Reilly Syndrome.” 


half years. Her height is 63 inches 
and her weight is 204 pounds. 
Menarche at 11 years and 9 months. 
Her B.M.R. is 32 per cent minus. 
Bone age is 18 years plus (See Fig. 
13). Her IQ is 123. 


child was large, his unusually great 
muscular development adequately ac- 
counted for his increased size. Death 
finally supervened in the child’s fifth year 
(4 years, 10 months). Necropsy did not 
reveal the expected finding of an adrenal 
cortical tumor or a pinealoma, but a 
neoplasm “‘occupying the interpeduncular 
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Normal female aet 15, 





Low B.M.R. * 
Bone age 18 years. 


Fig. 13. ‘Reilly Syndrome.’’ Bone age studies 


of patient shown in Figure 12. 


space attached to the right corpus mam- 
millare and to the tuber cinereum.” This 
unusual pathologic development com- 
pletely forestalls any attempt at explana- 
tion of the hormonal factors etiologically 
evident in the production of a syndrome, 
which so closely resembled that produced 
by tumors of the pineal gland, the cortical 
portion of the adrenal glands, or of the 
gonads. 

One or two other diseases, frequently, 
though for the present erroneously, thought 
to result from disturbances in endocrine 
function, may be accompanied by altera- 
tions in bone development. Thus, in 
rachitic dwarfism, in which the intelligence 
and sexual development remain normal, 
there may be no constant changes in the 
time appearance of the bone nuclei or the 
union of the epiphyses. Yet both may be 
slightly premature or slightly retarded ac- 
cording to the degree of proliferation of ab- 
normal cartilage and the intensity of the 
reparatory process. Joachimstal describes 
the roentgen picture as showing a ‘‘washing 
out of the boundaries between the bone 
nuclei and cartilages and broad light zones 
at the site of epiphyses, apparently repre- 
senting excessively proliferated cartilage.” 

In the achondroplastic dwarf, the ossi- 
fication of the epiphyses proceeds very ir- 
regularly, some unions occurring pre- 


maturely, and others abnormally late. The 
cause of this condition is not known but the 
It is apt 


diagnosis offers little difficulty. 
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to be familial or hereditary; intelligence 


develops normally, as does genital develop- 
ment and function. The dwarfism results 





Fig. 14. Renal dwarf- 
ism. Patient is aged 11 
years. His height is 48 
inches, and his weight is 
58 pounds. There was 
marked albuminuria. 
Phthalein was 4 per cent 
intwo hours. His blood 
N.P.N. was 208 mg. per 
cent. Hemoglobin was 
25 per cent Sahli; R.B.C. 
1,800,000. B.M.R. was 
21 per cent minus (Bene- 
dict Talbot Standards). 
Bone age is 7 years. 


from the extraordinary inhibition in the 
growth of the extremities due to a ‘‘growth 
disturbance of the cartilages at the ossifica- 
tion boundary, especially those of the long 
bones, setting in in the earliest fetal life’ 
(Falta). 


The pathogenesis of mongolian idiocy 
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Fig. 15. Retarded osseous development in the 
case of renal dwarfism shown in Figure 14. 


is likewise obscure. In this disease, the 
mentality is impaired sometimes to the 
point of idiocy; skeletal growth may be 
retarded, and there is a mongolian slant 
to the eyes which, when present in a 
Caucasian, is diagnostic. There may be a 
slight delay or at times even a slight pre- 
maturity in appearance of the bone nuclei. 
Usually there is no delay in epiphyseal 
closure. The most remarkable feature of 
the skeleton of the mongolian idiot is the 
hand. ‘The metacarpus is small; the 
metacarpal fingers are short and thick but 
taper toward the extremities. The thumb 
and little finger are very short; the little 
finger is incurved toward its neighbor, 
its tip seldom reaching to the middle of 
the second phalanx.” (Telford-Smith finger: 
these peculiarities are nicely revealed by 
roentgenograms. ) 

True mongolism as well as birth injuries 
and other forms of mental deficiency do not 
consistently retard the unfolding of the 
osseous system, although hypothyroidism 
is occasionally associated with such condi- 
tions and must consequently give a con- 
fused picture. Rickets may be easily 
excluded by clinical and roentgenologic 
observations peculiar to the disease. 

Renal dwarfism may be associated with 
osseous retardation. In fact, a child suf- 
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fering with this condition, also known as 
renal rickets may, at first glance, readily 
be mistaken for an example of hypophyseal 
infantilism (Fig. 14). Such a dwarf was 
recently studied. His bone age (Fig. 15) 
was four years behind his chronological 
age which was eleven years. However, the 
low phthalein output (3 per cent in 2 
hours), the albuminuria and high protein 
retention, together with the marked sec- 
ondary anemia, afforded ample evidence 
of the true diagnosis. 

Other types of dwarfism should be 
mentioned, although bone-age studies offer 
little help in adequately differentiating 
them. Thus, in true infantilism, which 
Falta describes as a standing still at the 
infantile stage of development, the patient 
retains childish skeletal dimensions, child- 
ish genitalia and childish psyche, and the 
osseous development is retarded. The 
endocrine system participates in but does 
not originate this condition. On the other 
hand, in primordial dwarfism, a congenital 
condition in which the infant is dwarfed 
at birth, the individual matures sexually 
and intellectually but remains skeletally 
dwarfed. As is to be expected, the appear- 
ance of bone nuclei and closure of epiphyses 
proceed normally. 

Paultauf’s dwarfism presents an unsolved 
problem. These children are normal at 
birth; in youth, growth suddenly ceases 
for a varying period of time only to be 
resumed later. Genitalia and secondary 
sex characters are retarded. The appear- 
ance of the bone nuclei is delayed and the 
epiphyses may remain open into adult 
life. The morbific factor in this type of 
dwarfism is unknown. 

Finally, that peculiar form of dwarfism 
described by Morquio (9), in 1929, is 
occasionally encountered. This is a very 
rare disease which has been adequately 
studied by Ruggles (10). All the cases 
reported have a characteristic and similar 
appearance, looking like members of the 
same family. Skeletal and sexual develop- 
ment is markedly retarded; the intelli- 
gence is usually unimpaired, and there is a 
loss of power in the arms and legs without 
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atrophy. The hair is fine but the skin js 
dry and coarse, although the basal meta- 
bolic rate has varied from 10 to 20 per cent 
plus. The roentgen findings are as char- 
acteristic as the outward appearance; the 
bone age is very markedly retarded. The 
condition is due to a profound disturbance 
of epiphyseal development, the etiology 
of which is at present entirely unknown. 

This rather brief summary of the more 
important endocrinopathies in which os- 
seous development is abnormal indicates 
that the value of roentgen-ray studies in 
the differential diagnosis of endocrine dis- 
turbances is always of paramount im- 
portance. And at times the radiographic 
examination may be an absolute necessity 
before a complete and adequate survey of 
the true condition becomes apparent. 
This is especially true in infants in whom 
more complicated procedures are impos- 
sible. Furthermore, repeated roentgeno- 
graphic studies at intervals of six months 
to one year of children who give evidence 
of retarded or accelerated osseous, mental 
and sexual development, affords an excel- 
lent criterion of the effectiveness of the 
indicated therapy. 

The roentgen ray has been proven to be 
of inestimable value both diagnostically 
and therapeutically. To the endocrinolo- 
gist, however, the radiologic comparison 
of the endocrinopathic and normal subject, 
wherein is demonstrated a delayed or 
precocious bony development, probably 
offers more aid than any other use to which 
the x-ray can be put. The importance of 
roentgenographic bone-age studies cannot 
be overemphasized. 
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RADIATION CASTRATION IN THE TREATMENT OF MALIGNANCY 
OF THE BREAST! 





By DAVID STEEL, M.D., St. John’s Hospital, Cleveland, Ohio 


== HE changes in the last few years in the 
treatment of carcinoma of the breast 

~ by surgery alone, radiation alone, or by 
an intelligent combination of the two 
methods indicate that neither the surgeons 
nor the radiologists are particularly well 
satisfied with the results obtained. No 
doubt part of our failure is to be found in 
the fact that the radical operation is too 
often not complete, but this also seems to 
be just as true of radiation. When the 


of these cases were considered by the 
surgeons to be in an early enough stage 
for treatment by the radical operation 
alone; 11 were considered to be borderline 
cases, which were operated upon and re- 
ceived post-operative radiation, and eight 
cases became operable after a full course of 
radiation. In other words, less than 50 
per cent of the cases of carcinoma of the 
breast seen in this important surgical clinic 
in 1931 received some form of surgery, and 





Fig. 1. 
tion above the right acetabulum. 


operation is most’meticulously carried out, 
and when radiation is just as meticulously 
given according to the methods best ac- 
cepted to-day, we can honestly look for- 
ward to a higher percentage of cures, far 
in advance of the present average figures. 
In a recent article, Professor Hans R. 
Schinz points out that, in his surgical 
clinic in Ziirich, 50 cases of carcinoma of 
the breast were seen in 1931. Only two 


1 Presented before the Radiological Society of North 
America, at the Twenty-first Annual Meeting, at De- 
troit, Dec. 2-4, 1935. 
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Roentgenogram taken on Sept. 21, 1931, showing a large area of destruc- 
Before castration. 


a high percentage of these became surgical 
only after radiation. Undoubtedly there 
will be a large number of cases in this 
group which sooner or later will be candi- 
dates for palliation therapy of some kind, 
and undoubtedly the experience of this 
clinic is not radically different from any 
other similar clinic abroad or in this coun- 
try. 

A summation of all these cases in this 
country alone would leave a tremendous 
number of unfortunate patients for whom 
any form of palliation, other than a muti- 
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Fig. 2. 


lating procedure or heavy drug therapy, 
would be most welcome—and to their at- 
tending physicians as well. We as radi- 
ologists are fortunate enough to have at our 
disposal such a method for patients who 
have not reached the menopause. Roent- 
gen-ray castration represents such a 
method. 

It is well known that a definite relation 
exists between the activity of the ovaries 
and the histology and physiology of the 
breast; that the parenchyma of the breast 
may undergo rapid growth and transforma- 
tion under certain physiologic conditions 
of ovarian activity, and that there is 
strong support for the theory that ovarian 
hormonal influences may play a large part 
in producing hypertrophy, hyperplasia, 
and neoplasms in the breast. These are 
axiomatic to-day and need no further dis- 
cussion. Long before the introduction of 
the roentgen method, Schinzinger, at the 





Fig. 3. 
Fig. 2. Roentgenogram taken on Oct. 2, 1931, showing large area of destruction just below the lesser 
trochanter of the right femur. Before castration. 
Fig.3. Roentgenogram taken on Oct. 2, 1931, showing destruction in the right tenth rib and second lumbar 
centrum. Before castration. 


Surgical Congress in Germany, in 1889, 
proposed bilateral oophorectomy as an 
accessory method in the treatment of 
cancer of the breast in younger women, be- 
cause he noticed that the disease progressed 
more rapidly and was more frequently fatal 
in younger women, and he thought that 
by oophorectomy the patient would grow 
old more rapidly. 

The same suggestion was made inde- 
pendently in England, in 1896, by Beatson, 
who also believed that the thyroid pro- 
duced a hormone, the action of which on 
the mammary gland was contrary to that 
of the ovaries, and this author, therefore, 
prescribed thyroid medication with the 
hope of augmenting the effect of castra- 
tion. It was Beatson’s belief that carci- 
noma of the breast was due wholly or in 
part to an abnormal function of the ova- 
ries, and, after considerable experience, 
concluded that the method was justified 
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Fig. 4. 

Fig. 4. 
acetabulum and in the right femur. 
Fig. 5. 


After castration. 


only in menstruating women over forty 
years of age. Further figures were given 
shortly afterwards by other English sur- 
geons who followed Beatson’s teaching. 
Boyd reported a series of 54 cases, with 
definite improvement in 35 per cent; 
Thomson reported 80 cases, with 24 per 
cent improvement, and Lett, 99 cases, 
with 23 per cent improvement. Other 
authors reported similar series, among 
them being Michels, Herman, Reynés, 
Smith, Annandale and Donald, and many 
others. 

The earliest report of roentgen-ray cas- 
tration is by Foveau de Courmelles, in 
1904. Meyer was the first in Germany, 
and additional work has been done and re- 
ported by many authors: Wintz, Lapeyere, 
Frangenheim and Kaplan and others, 
some of which will be mentioned later. 
Roentgen-ray sterilization has replaced 
the surgical method, probably for the main 


Roentgenogram taken on April 13, 1932, showing regeneration in tenth right rib. 


Fig. 5. 


Roentgenogram taken on April 13, 1932, showing complete regeneration just above the right 


After castration. 


reason that bilateral oophorectomy is 
associated with about a 6 per cent mor- 
tality (Lett), whereas these is no risk with 
radiation, and even though there is grave 
doubt in the minds of some as to the effects 
of the two methods being the same, there 
is as yet no adequate proof that the radia- 
tion method is not as effective as the surgi- 
cal one. 

In reviewing the literature one is im- 
pressed by the fact that roentgen castra- 
tion is used in two ways: (1) as an immedi- 
ate measure in therapy before the appear- 
ance of metastases, and (2) as a palliative 
measure after the appearance of wide- 
spread metastases. 


IMMEDIATE CASTRATION 


Judging from the early reports of bi- 
lateral oophorectomy, there seems to be no 
doubt that the primary tumor regresses in 


some cases rather rapidly. This same 
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effect has been noted by many authors 
since the radiation method has been used. 
Nearly all agree that when ovarian radia- 
tion is used along with radiation to the 
primary lesion, the latter seems to react 
more readily and the patient shows an 
earlier return to a general state of good 
health. 

These facts have been particularly well 
brought out by Ahlbom, who states, how- 
ever, that there is no definite evidence that 
the patient’s life is prolonged. On the 
other hand, life will undoubtedly be pro- 
longed in those cases in which sterilization 
prevents future pregnancies. It is a mat- 
ter of common experience that a carcinoma 
of the breast in a pregnant woman is a 
most serious combination. 
15 cases of breast cancer with subsequent 
pregnancies. Of these, 13 developed the 
lesion in the opposite breast and 12 died in 
a very short time. There seems to be 
little doubt, therefore, that previous ex- 
perience with either bilateral oophorec- 
tomy or radiation castration warrants the 
assumption that the primary lesion is apt 
to regress more rapidly and that fulmi- 
nating recurrence with pregnancy can be 
avoided. 


AS A PALLIATIVE MEASURE 


It is with this procedure that the author 
has had most experience, because in spite 
of the fact that the patient can be assured 
that there is little chance she will have 
menopausal symptoms, it has been my 
experience that a large majority will not 
accept early castration, either because of 
some firm religious conviction or because 
they desire to have one or more children no 
matter what the penalty may be. The 
position of radiation therapy is stronger 
than ever to-day, and if we are to believe 
the signs in the recent literature there are 
many reasons to believe that radiation will 
eventually dominate the field of cancer any- 
where in the body, the same as many believe 
it does at present in cancer of the cervix and 
the body of the uterus. The late Joseph 
Colt Bloodgood made the statement that he 
believed the time for removing a breast 
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Trout reports. 











Fig. 6. 


Roentgenogram taken on Aug. 29, 
1933, showing extensive metastatic malignancy in 
the lumbar spine. 


for even a microscopic malignancy was 
almost over. No radical surgical proce- 
dure should be considered, no matter what 
the size or duration of the primary lesion, 
until roentgen examination has ruled out 
the existence of metastatic disease in the 
usual sites. If metastases are present, 
then roentgen castration has a great deal to 
offer. Obviously it is not practical to 
radiate all areas in a case of extensive bony 
metastases, nor is it wise to attempt to 
radiate local areas in similar cases until 
castration has been tried. Unfortunately 
the disappearance of clinical symptoms 
after castration is not always consistent, 
but when relief is obtained the result is 
often so striking that the method should 
always be used. Remarkable cases have 
been reported by many authors Deland, 
Martin, and others. The number in the 
author's series has not been large, but one 
is so striking that it bears reporting. 

Mrs. A. F., white, aged 44 vears, a 
washerwoman, operated on about two 
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years previous, was seen in September, 


1931, with all the typical clinical signs of 
advanced malignancy, and with extensive 
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appearance of pain, associated with (2) a 
return to general good health, (3) recalcifi- 
cation of bony destruction, and (4) no 





Fig. 7. 
malignancy in the pelvis. 


evidence of widespread bony metastases of 
the osteolytic type. She was suffering 
from excruciating hip pain—was admitted 
from the dispensary with such intense pain 
that not even heavy doses of morphine 
could alleviate it. She was given a cas- 
tration dose according to the accepted 
method, namely, 900 r units front and 
back, divided into six sittings of 300 r 
units each, alternating the fields front and 
back with 1 mm. Al and 0.5 mm. Cu as 
filter, 200 kv. p., 20 ma., and 50 cm. dis- 
tance. The patient was not seen for 
nearly two years, after which time she 
returned for further radiation, stating that 
her pain was returning and that she was 
beginning to vomit. In the meantime 
she had been free of pain and had returned 
to her work as a washerwoman. Local 
radiation was tried to the lumbar spine, but 
she grew rapidly worse and died in an 
unusually short time, the vomiting having 
become intractable. The case illustrates 


nearly all the points noted in other re- 
ported cases, which briefly are: (1) dis- 





Roentgenogram taken on Aug. 


29, 1935, showing extensive metastatic 


relief from further or local irradiation, 
followed by (5) rapid death after recur- 
rence of symptoms. Not all patients will 
show such a remarkable result, but it is 
seldom that one fails to get some sort of 
relief. It is important to realize that relief 
is not dependent upon or necessarily associ- 
ated with recalcification. 


CONCLUSIONS 


(1) Many cases of carcinoma of the 
breast in young women still in the men- 
strual age show definite improvement 
after roentgen castration. 

(2) This improvement is shown in one 
of several ways: reduction in the size of 
the primary lesion, osteoclastic changes in 
areas previously involved with an osteo- 
lytic process, alleviation or disappearance 
of pain, and a return to general good health. 

(3) After a varying length of time the 
symptoms return and the downhill course 
is then usually very rapid, thus eliminating 
the prolonged period of being bedridden. 
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(4) If carried out early, future preg- 
nancies are avoided. 

(5) There seems to be no doubt that an 
ovarian hormone plays a definite part in 
malignancies of the breast, and therefore, 
all women under the age of fifty with 
carcinoma of the breast should be steril- 


ized. 
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ITH the widespread interest in the 
WAY cectic of irradiation therapy de- 

veloped by Coutard, one of the 
cardinal principles of which is irradiation 
at low intensities, it becomes necessary to 
again review the question of low versus 
high intensity irradiation in the treatment 
of cancer. 

A number of laboratory studies are re- 
ported in the literature on the relationship 
between biologic effects and the intensity 
of the source of irradiation producing them. 
In the great majority of instances the bio- 
logic indicators employed were plant seed- 
lings, tissue cultures, and lower animal 
forms, especially Ascaris and Drosophila 
eggs. The natural variations in radiosen- 
sitivity, occurring during prolonged periods 
in the latter two indicators, were not ap- 
preciated. In addition, much of the work 
was done at a time when accurate methods 
of dose determinations were not available. 
Furthermore, in most instances no special 
efforts were made to observe possible dif- 
ferences in effects produced by irradiation 
delivered at low intensity for intermittent 
periods and effects produced when such 
doses were administered continuously at 
identical low intensities. For a critical re- 
view of the literature up to 1932, the reader 
is referred to the publication by Pack and 
Quimby (1). The great bulk of evidence 
presented would indicate that greater ef- 
fects are produced by given doses if these 
are administered at high rather than at low 
intensities. 

Since observations on the relationship 
between biologic effects and intensity of 
irradiation made upon tissue cultures and 


1 Presented before the Radiological Society of 
North America, at the Twenty-first Annual Meeting, 
at Detroit, Dec. 2-6, 1935. 
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lower animal and plant forms may not 
necessarily hold for tissues im situ in the 
intact higher organisms, it becomes appar- 
ent that, to bring the study into closer 
relationship to clinical roentgen therapy, 
further observations are indicated, made 
under conditions that more closely approxi- 
mate those obtained in patients who ex- 
hibit carcinoma. 

With this purpose in view the experi- 
ments recorded below were performed. 


EXPERIMENTAL 


In the following study, the object of 
which was to observe the relationship be- 
tween biologic effects and variation in in- 
tensity of irradiation producing them, in 
tissues of higher organisms im vivo, two 
varieties of biologic indicators were em- 
ployed: the germinal epithelium of the rat 
testis, and the erythema reaction in human 
skin. The former constitutes a very radio- 
sensitive epithelium distributed in a rela- 
tively radioresistant stroma. Cytolethal 
effects in the germinal epithelium may re- 
sult with doses insufficient to produce vis- 
ible reactions in the overlying skin and 
surrounding stroma. While these effects 
are the net result of irradiation of the whole 
organ (testicle), the fact that the visible 
manifestations are confined to the epithe- 
lial elements suggests that this reaction is 
essentially an epithelial one to irradiation. 
It might thus exemplify the reactions of 
radiosensitive malignant epithelial cells dis- 
tributed in mature non-neoplastic stroma. 
The analogy between testis and malignant 
epithelioma has been repeatedly pointed 
out; in both instances there is a relatively 
radio-sensitive epithelium distributed in 
mature connective tissue stroma. ‘The 
spermatic and malignant epithelial cells 
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both exhibit a high rate of mitoses; both 
types of cells are undifferentiated and in 
each of these tissues there is considerable 
individual cellular variation in radiosensi- 


tivity. 


Experiment A.—White rats of various 
ages as indicated below were employed. 
They were secured back-downward upon a 
wooden board. The conditions of irradia- 


Age 


Young adults 


From 5 to 6 
weeks 


Adults from 
12 to 18 
months 


One month 


Adult over 12 
months 


Adult over 12 
months 


Adult over 12 
months 


High Intensity 


B, 


101 


B, 102 


B, 


Witt mitt 


bd bd be 


bob by bd bo bd te 


B, 
B, 
B, 
B, 


B, 
B, 


B, 
B, 


B, 


B, 


106 


139 
140 
141 
87 
57 
58 


49 
50 
62 


‘ 


15 
15 
15 


toto 


300 r in 


3 min. 47 sec. 


300 r in 


3 min. 15 sec. 


300 r in 


3 min. 31 sec. 


300 r in 


3 min. 24 sec. 


300 r in 


3 min. 30 sec. 


300 r in 


2 min. 55 sec. 


600 r in 


6 min. 10 sec. 


600 r in 


5 min. 37 sec. 


600 r in 


7 min, 35 sec. 


600 r in 


A 6 min. 30 see. 
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TABLE I 


Low Intensity 


B, 
B, 
B, 


BB DWE Boos 


B, 
B, 
B, 


B, 
B, 


103 
104 
105 


174 
175 
176 
178 
183 
185 
186 
187 
219 


124 
130 


194 


, 195 


196 
197 
198 


79 
80 


137 
138 
148 
67 
55 
56 


92 


, 93 
, 94 


15¢ 


154 


Ge 


300 r in 
61 min. 30 sec. 


300 r in 
54 min. 


300 r in 
61 min. 


300 r in 
59 min. 30 sec. 


300 r in 
60 min. 15 sec. 


300 r in 
59 min. 


600 r in 
59 min. 


600 r in 
61 min. 


600 r in 
61 min. 


600 r in 
58 min. 30 see. 
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200 kv., 1.5 mm. Cu, and 1.5 
The milliamperage and distance 
were adjusted to obtain the desired inten- 
sity. The r unit measurements were made 
in some instances with an integrating West- 
inghouse dosimeter, and in other instances 


with a Wulf ionization chamber. 
mer was present in the field for the duration 
of the exposures. When the Wulf instru- 


Time after 
Ratio Irradiation 


1:16 14 days 
1:17 14 days 
Reh. a day s 
hele 14 days 
1:20 28 days 
PaO 

14 days 
1:8 28 days 


The for- 


Microscopic Examination 


No gross abnormal changes 
in sections from either group 
except for scattered degener- 
ating cells in tubules. In 
B, 106, many tubules are 
filled by multinucleated de- 
generating cells that have 
desquamated into the lumena. 


No difference in changes be- 
tween sections of the two 
groups. Occasional tubules 
contain only Sertoli cells and 
spermatozoa. There are scat- 
tered degenerating cells in the 
lumena. 


Occasional empty tubules and 
occasional normal tubule with 
degenerating cells in lumen. 
There is no difference in sec- 
tions of each group. 


Scattered 
bules. 
between 
group. 


degenerating tu- 
There is no difference 
sections from each 


Extensive changes of equal 
magnitude in sections of each 
group. The majority of the 
tubules contain only sperma- 
tozoa and Sertoli cells, the 
intermediate types having 
been destroyed. 


No difference in magnitude of 
changes between the groups. 
A few scattered empty tubules 
and a few normal tubules with 
degenerating cells are seen. 


Extensive changes in all sec- 
tions and of equal magnitude 
in both groups. The ma- 
jority of tubules are com- 
pletely depopulated of cells, 
with the exception of a few 
Sertoli cells in the lining or 
exhibit Sertoli cells and sper- 
matozoa only. 
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ment was used, several check readings were 
made during the irradiation. All readings 
are surface ones, made upon the wooden 
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at low intensities an individual of compar- 
able radiosensitivity was not included. 
Experiment B.—Five patients each pre- 





Fig. 1. 


board with the chamber approximately the 
same distance above it as the rat testes. 
When one type of dosimeter was employed 
for a group of animals radiated at high in- 
tensities, the same instrument was em- 
ployed in the corresponding group irradi- 
ated at low intensities. At stated intervals 
the animals were killed, and the testes re- 
moved and fixed in acetic acid Zenker’s 
solution, and embedded in paraffin; the sec- 
tions cut were stained by hematoxylin and 
eosin. 

In these experiments, involving a com- 
parison of 34 pairs of rat testes irradiated 
at a high intensity, with 33 pairs irradiated 
under comparable conditions at low intensi- 
ties (ratio 1:8 to 1:17), no demonstrable 
differences in the magnitude of biologic 
effects upon the seminal epithelium were 
noted. There was a single exception, B, 
106, that was irradiated at a high intensity 
and showed greater effects than those irradi- 
ated at a lower intensity in the same group. 
This single instance can hardly be regarded 
as of significance since in the other 32 
animals a similar result was not obtained. 
It is felt that in this animal the germinal 
epithelium was of unusually great radio- 
sensitivity, and that in the group irradiated 





Photograph of Case A. R. (129,594), see Table II, showing more intense 
erythema reaction in irradiated field on left thigh (636 r in 6 min. 50 sec.) than in 
right thigh, where the reaction is hardly discernible (636 r in 124 min.). 


senting some form of advanced carcinoma 
were irradiated over the anterior aspects of 
the thighs, as indicated in Table II. 
The conditions of irradiation were: 200 kv., 
1.25 mm. Cu + 1.5 mm. AI filter, fields 
10 X 10 cm., milliamperage and focal skin 
distances being adjusted to obtain the de- 
sired intensity. The latter was determined 
in some instances by a Westinghouse in- 
tegrating dosimeter, and in other instances 
by a Wulf instrument, the same instru- 
ments used in the animal experiments. 
When the Wulf ionization chamber was 
employed, it remained in the field through- 
out the exposure, readings being taken at 
intervals to check the intensity. 

In this second group of observations 
(Table II), the biologic indicator employed 
to observe the effects of variation in inten- 
sity was, as stated, the erythema reaction in 
the human skin. This reaction like the 
other is probably the net result of effects 
upon the overlying cutaneous epithelium 
as well as upon the subcutaneous mesoblas- 
tic tissue directly, but, since the gross 
changes are manifested as a localized vascu- 
lar congestion and interstitial edema, the 
erythema reaction might be considered es- 
sentially a mesoblastic response. It might 
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thus exemplify the response of the stroma 
of amalignant epithelial neoplasm to varia- 
tions in intensity of irradiation. There 
are additional reasons why the human skin 
erythema in itself may be regarded as es- 
sentially a mesoblastic reaction, and, there- 
fore, indicative of the reaction of vasculo- 
connective tissue in general. For example, 
(1) the erythema reaction precedes visible 
changes in the cutaneous epithelium; (2) 
epilation may be induced without ery- 
thema, and (3) it is possible to produce 
pigmentation, exfolliation, and even epithe- 
litis without producing an initial marked 
erythema. 

In this second series of observations, the 
difference in erythema reaction to varying 
intensities of the order of 1:18 is definite in 
all instances and quite marked in two cases; 
the higher intensities produced the greater 
reactions. These observations are corol- 
laries to previously reported observations 
recently summarized by Holthusen and ex- 
pressed as follows: In the production of 
equal degrees of skin erythemas by irradia- 
tions of unequal intensity, a greater total 
dose is necessary in the case of low intensity 
irradiation than in the case of high in- 
tensity irradiation. 

DISCUSSION 

The observations recorded above indi- 
cate that when employing as biologic indi- 
cators two varieties of tissue im situ in the 
intact organism, namely, germinal epithe- 
lium in the rat testicle and the subcutaneous 
vasculo-connective tissue in human skin, a 
variation in intensity of a given quantity 
of x-radiation of the order of 1:8 to 1:17 
produces no variation in biologic effects in 
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the former, whereas a variation in intensity 
of 1:18 produced constant and in some in- 
stances a marked difference in reaction in 
the latter. 

These results indicate the difficulty of 
making generalizations in regard to bio- 
logic effects unless a variety of indicators 
is employed. 

The experiments of Regaud (3) and 
of Juul (4) upon rabbit testes and trans- 
plantable mouse carcinoma, respectively, 
showed that with high intensities severe 
skin lesions were produced, whereas with 
low intensities (and fractionation) the skin 
was relatively less affected than the testes 
and tumor. This demonstration of the so- 
called elective effect of irradiation on sensi- 
tive tissues is a comparison of different 
epithelia, and is a question apart from that 
considered in this study in which the reac- 
tions of sensitive epithelial cells and vas- 
culo-connective tissue are compared. (This 
difference has not been emphasized in most 
previous publications. ) 

Coutard (5) has repeatedly emphasized 
that one of the major principles in the 
treatment of carcinoma by fractionated 
large doses of irradiation is to deliver the 
required energy in such a manner as to 
produce minimum disturbance in the vas- 
culo-connective tissue stroma of the neo- 
plasm. The above experiments indicate 
that daily treatment at low intensities over 
a period of from one ‘to two hours is pref- 
erable to daily treatment of a few moments 
with high intensities, because the effects 
upon radiosensitive epithelial cells does not 
vary with intensity whereas the severity 
of reaction in the stroma is less with low 
intensity irradiation. 


TABLE II 
| ~~~ ©<«|”.~SoACR, 65 yrs. A. L., 65 yrs. O. A., 45 yrs. P.G., 52 yrs. | B. B, 45 yrs. 
Patient =| (129,594) =| (130,822) | ~—— (132,857) ~~ |———(102,922) (124,367) 
Rt. Left | Rt. Left Rt. Left Rt. Left Rt. Left 
| _ ia _thigh thigh | thigh thigh | thigh thigh ~—s thigh thigh | thigh thigh 
Dose | 636 r 636 r | 626 r 600 r 600 r 
\Time | 124 min. 6 min. | 5 min. 96 min. 104 min. 5min. | 84min. 4 min. | 84 min. 4 min. 
Lica | 50 sec. | 35 sec. 35 sec. | 48 sec. 24sec. | 48sec. 24 sec. 
Ratio | 18:1 | 1:17 | 18+:1 IS+:1 1I8+:1 
(Erythema | faint ++ | faint +++ op pe very 


+++ | faint 





The erythema reactions recorded were observed from three to four weeks following irradiation. 


faint 
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Furthermore, the difference in reaction 
to variation in intensity of irradiation, ex- 
hibited on the one hand by epithelium 
(germinal epithelium of testes) and on the 
other hand by vasculo-connective tissue 
both im situ, suggests that the roentgeno- 
therapeutic problem of carcinomas is a 
question apart from that of sarcomas. 


SUMMARY AND CONCLUSION 


(1) Experimental studies are presented 
to show that: 

(a) Variations in intensity (1:17) of a 
given quantity of irradiation produced no 
variation in the reaction of non-neoplastic 
radiosensitive epithelium (rat testes) im 
situ. 

(b) Variations in intensity (1:18) of a 
given quantity of irradiation produced 
variation in the intensity of non-neoplastic 
mesoblastic tissue reaction im situ (ery- 
thema inhuman skin). The higher intensi- 
ties produced the more marked reactions. 

(2) A difference in sensitivity between 
non-neoplastic epithelial tissue and non- 
neoplastic mesoblastic tissue both in situ 
to variations in intensity of irradiation sug- 
gests a fundamental difference in the roent- 
genotherapeutic problem of carcinoma and 
sarcoma. 

(3) The experiments reported are in- 
terpreted as evidence favoring the pro- 
longation (low intensity) of daily exposures 
in the treatment of carcinoma, since by 
such irradiation the likelihood of undesir- 
able excess reaction in the vasculo-connec- 
tive tissue stroma in and about the neo- 
plasm is reduced, while the effects upon the 
radiosensitive epithelial cells (carcinoma) 
are equal to those obtained by irradiation 
at a high intensity. 
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DISCUSSION OF SYMPOSIUM 


Dr. R. L. SCHAEFER (Detroit): We have 
listened to an excellent symposium, and I 
want to compliment the essayists on their 
presentations. The limitation of time pre- 
cludes any detailed discussion of the specific 
papers. 

Dr. Collip has given you an interesting 
review of the advances that have been 
made in the endocrine field in the last few 
years. He, personally, has contributed 
much. Despite the advances that have 
been made, the gospel of endocrine medi- 
cine has been slow to spread amongst the 
general profession. No group has been 
more laggard than the radiologists. This is 
in no way an indictment of either the gen- 
eral profession or the radiologists. 

Dr. Hodges’ reference to Dr. Barger be- 
littling much of the effort along clinical 
lines is only partly true. There are two 
factors which certainly do prevent and 
have prevented the dissemination of knowl- 
edge. The first, as pointed out to you, is 
the unwarranted claims of the detail men 
representing unscrupulous pharmaceutical 
houses. The second is the perverse stand 
of the tradition-bound faculty member to- 
ward this new branch of medicine. If this 
subject were permitted to be established in 
its proper place in the curriculum of the 
medical schools, it would allow the oncom- 
ing members of our profession to think for 
themselves, to diagnose and treat intelli- 
gently their endocrine patients. 

There are three papers which are of 
special significance to the radiologist: Dr. 
Hodges’, Dr. Shepardson’s, and Dr. Morti- 
mer’s.! ‘The x-ray is an essential mechan- 
istic procedure in the diagnosis of hyper- 
parathyroidism, hypothyroidism, and hypo- 
and hypergonadal disturbances. The roent- 
gen diagnosis of hyperparathyroidism has 
been fully covered by Dr. Hodges. 


! Not received for publication 
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Dr. Shepardson’s paper deals with the 
roentgenographic study of osseous develop- 
ment, which was developed by Dr. William 
Engelbach. Briefly, a delay in time of ap- 
pearance of the various osseous centers is 
significant of a hypothyroid disturbance. 
A delay in epiphysial closure signifies hypo- 
gonadism. In the hypergonadal type of in- 
dividual we see the inverse, or an early epi- 
physial closure. 

The studies of Dr. Mortimer are most 
convincing because he has correlated his ex- 
perimental studies in the rat and has shown 
us clinical prototypes of his patients pre- 
senting various phases of dyspituitarism. 
Most interesting is the fact that he can pre- 
dict from his skiagrams approximately at 
what period in life the pituitary dysfunc- 
tion occurred. 

It would seem advisable that the stud- 
ies of these men, Engelbach, Mortimer 
and, also, Todd, should be advanced by the 
radiologist. He has access to a vast amount 
of roentgenograms in the pre-adolescent, or 
formative, years of life. Proper evaluation 
and correlation of these three forms of 
roentgenographic study would be a boon to 
the clinician and would obviate the too fre- 
quent reports from the radiologist to the 
clinician which are usually worded as fol- 
lows: ‘‘The films of your patient reveal no 
signs of gross endocrine dysfunction.” Un- 
questionably, the roentgenologist can and 
should play an important part in the de- 
velopment of diagnostic endocrinology. 

The field of the radiologist in endocrine 
therapy is less evident. In general, one can 
state that specific replacement therapy is 
preferable to radiation of any _ specific 
gland. This is especially true because of 
the apparent multiplicity of function of the 
various glands and their inter-relationship. 
Specifically, then, in the treatment of the 
menopause I see no necessity for radiating 
the pituitary if the same therapeutic re 
sponse can be obtained by replacement of 
a sufficient amount of the lacking estro 
genic substance. 

Dr. Steel leaves no method of choice 
when dealing with malignancy of the breast 
with or without metastases: radiocastra 
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tion is positively indicated. Too, castra- 
tion is occasionally indicated in other in- 
stances, and, in general, radiocastration is 
to be preferred to surgery. In radiation 
treatment of a hyperparathyroidism one 
would first have to be assured that radia- 
tion of the neck would not destroy nor up- 
set the function nor the inter-relation of the 
thyroid. 


Dr. JAMES H. Hutton (Chicago): I am 
not a radiologist. A couple of years ago I 
had the temerity to announce that I 
thought that the x-ray might be used in the 
treatment of essential hypertension and 
diabetes. While I expected a great deal of 
criticism from the general profession, I 
thought the radiologists would sort of take 
me to their bosom and I would have in 
them very warm defenders. Nothing of 
the kind occurred. 

They didn’t accept my ideas nor accept 
me, and now I am in the same position as 
Dr. Collip; I owe my invitation here to the 
fact that I know Dr. McGuffin. 

I notice that Dr. Collip said he was an 
endocrinologist. I am interested in that. 
I thought Dr. Collip was a physiologist, 
and I am wondering if endocrinology has so 
broadened that Dr. Collip is now a physi- 
ologist, which means that he is an endo- 
crinologist. 

Every man measures what he sees or 
hears by the yardstick of his own experi- 
ence and is impressed by the thing that 
particularly touches his own work. That 
has been the case with this program this 
morning, and inasmuch as time does not 
permit a general discussion of the very ex- 
cellent papers that were presented, 1 
should like to point out some things that 
did particularly interest me. 

Dr. Hodges’ concluding exhortation ap 
plies undoubtedly to research men much 
more than it does to men who are in clinical 
medicine. ‘The research men, as I see it, 
have problems to solve that do not neces 
sarily involve the improvement of the pa 
tient’s condition, The man in clinical 
medicine is confronted by a patient who 
wishes to be relieved and to be kept on the 
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job, and he doesn’t ask the doctor how the 
latter does it. The clinician is conse- 
quently compelled to do a good many 
things empirically. Later, the research 
man tells him why his empiricism worked 
so well. 

There is another objection to allowing 
the experimentalist solely to lead the way, 
and that is the fact that animal experimen- 
tation is not always applicable to clinical 
practice. A very good example of that 
occurs in Dr. Hodges’ institution. 

Dr. Barnes has taken a series of dogs and 
rendered them totally diabetic by remov- 
ing their pancreas. After he has stabilized 
them on diet and insulin, he has taken 
them over to the Illinois Central Hospital 
and irradiated the pituitary and adrenals. 
Aiter these treatments their insulin re- 
quirement dropped 5!) per cent. This oc- 
curs quite regularly and the results with 
one pair of dogs are exactly comparable to 
the results with every other pair. 

No such regularity occurs in our clinical 
experience. It is true that in a good many 
cases of diabetes, symptoms, hypergly- 
cemia, and glycosuria disappear quite 
promptly. This has been so for two or 
three vears, but it doesn’t occur with the 
regularity that Barnes observes in his dogs. 
And yet he knows that he has a real pan- 
creatic diabetes. In my opinion we don’t 
often see that in the human animal. 

I was interested particularly in what Dr. 
Collip said about the effects of large and 
small doses of parathyroid hormone: ap- 
parently, diametrically opposite effects are 
observed. In treating hypertension we find 
that the patients are relieved—-their blood 
pressure in about 75 per cent of cases is 
markedly reduced by what we call very 
small doses, meaning about 120 kv., three 
to five milliamperes, delivering about 50 r 
units. If we give larger doses, 180 to 200 
ky., delivering above 100 r units, we do not 
relieve their symptoms. The patient usu 
ally feels worse, has headache, vertigo, 
weakness, and nausea. These large doses 
have no effect at all on the blood pressure. 

Dr. Mortimer suggested that we either 
disregard the sella or view it in relation to 
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the whole skull. For a good many years | 
was convinced that in studying clinica] 
pituitary disorders the sella gave us very 
little information. 

Since we have been studying hyperten- 
sion, we are convinced that we get from 
that some idea as to whether or not that 
patient is likely to experience relief follow- 
ing irradiation. If the sella is large and 
there is some excess of calcium about it, we 
think his chances are very good. If it is 
quite small, we think they are not nearly so 
good. 

I was interested in Dr. Menville’s paper 
because he said headache was one of the 
things not relieved, as a rule, by irradiation. 
Our experience in hypertension is that 
headache is one of the symptoms most 
promptly relieved, but it is done by very 
small doses. Vertigo is perhaps relieved a 
little more promptly. But a sense of well- 
being, a loss of nervousness and irritability, 
a sense of tranquillity are things that occur 
very promptly and I should say in 90 per 
cent of the cases. 

I have been interested in the discussion 
of super-voltage. Knowing something 
about voltage and what ‘“‘super’’ meant, I 
gathered that the radiologists felt asmostof 
the human race do—that if a little was 
good, more was better, and consequently 
they were using larger and larger voltages 
or, in the words of the clinician, doses. I 
believe we make many mistakes in follow- 
ing this idea. 

I want to conclude by saying that I have 
enjoyed this very much and I have this 
criticism to offer of the radiologists. You 
can do a great many things by irradiation 
that are very valuable to the patient and 
would be almost as valuable to the clinician 
if he knew about them. Some years ago a 
newspaper editor said that among all the 
noisy inhabitants of this country there was 
a large group of medical men that were very 
silent. It seems to me that of all the medi- 
cal men the radiologists are the most silent, 
and this to the disadvantage of the rest of 
the medical profession. 

MILTON FRIEDMAN 


Dr. (New York 
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City): Concerning Dr. Menville’s paper on 
the irradiation of the pituitary glands in an 
attempt to eradicate the symptoms of 
menopause, there seem to be several im- 
pressions as to exactly what gland is pri- 
marily responsible for the symptoms of 
menopause. Actually, we do not know 
what initiates menopause, but the impres- 
sion of some is that the ovary is primarily 
affected. This is confirmed by histologic 
and quantitative hormone studies. 

When the ovary dies, the anterior pitui- 
tary gland, being the motivating factor, at- 
tempts to compensate by secreting an ex- 
cessive amount of prolan in order to whip 
up the lagging ovary. Consequently it 
would seem to be injudicious, theoretically, 
to irradiate the pituitary in an attempt to 
alleviate symptoms produced primarily by 
the ovary, especially since it is actively en- 
gaged in postponing the climacteric. 

The question then arises: Does the 
pituitary gland, during this period of com- 
pensatory hyperactivity, produce the 
symptoms of menopause? In seeking the 
answer in analogous instances, we come 
across cases such as this: a woman beyond 
the age of menopause developed a pitui- 
tary adenoma not producing severe symp- 
toms since it was in an early stage. Quan- 
titative hormone assay revealed tremen- 
dous quantities of prolan. This would in- 
dicate a functioning hyperplastic adenoma. 
Irradiation of that gland caused an allevia- 
tion of the headaches and vertigo. How- 
ever, that woman had no hot flushes, no 
nervous instability or any other symptoms 
referable to the menopause, although there 
was an undoubted pituitary hyperplasia 
and hyperfunction. 

Another case is that of a primary gona- 
dal deficiency in a young woman who men- 
struated scantily at first, and then de- 
veloped secondary amenorrhea. In making 
quantitative hormone assays over a period 
of time, we found at first a fairly normal 
prolan during the menstruating phase. 
When ovarian secretion diminished and 
amenorrhea set in, there resulted a gradual 
rise in the prolan as the pituitary gland 
commenced to compensate. In this young 





girl we finally found the same picture as 
seen during menopause—tremendously 
high quantities of prolan secretion. How- 
ever, there were no symptoms of meno- 
pause such as nervous instability, head- 
ache, and vasomotor phenomena. Heavy 
irradiation of her pituitary gland, tried ex- 
perimentally, was useless. The prolan was 
brought down only by the subsequent ad- 
ministration of estrin. 

These are clinical experimentations. 
There has been considerable laboratory 
work done on animals which substantiates 
this thesis. 

As the first discussant pointed out, the 
administration of estrin, which is certainly 
a simple and conservative measure, is at- 
tended by a very high number of successes. 
It is our impression that in cases in which 
the administration of estrin fails, x-ray 
therapy will also fail, and that there is a 
basic psychoneurotic disturbance with ex- 
aggeration of the symptoms which is pri- 
marily responsible for the complaints of the 
particular patient. Therefore, in our at- 
tempt to disseminate the use of radio- 
therapy in endocrine disturbances, it might 
be a bit injudicious to state that we should 
irradiate the pituitary gland of women who 
are suffering from excessive symptoms of 
menopause. 

With reference to Dr. Steel's paper, once 
again a word of caution is suggested. There 
seems to be no doubt on the basis of the few 
though indisputable cases reported, that 
roentgen castration of the ovaries will cause 
a temporary disappearance of metastatic 
lesions in the bone. 

However, can we advocate this relatively 
radical procedure radical in the eyes of 
the surgeons as well as of patients— for all 
cases of carcinoma of the breast? There 
are some clinical and theoretical reasons 
why roentgen castration may not help all 
cases of carcinoma of the breast. Firstly, 
cancer of the breast occurs most commonly 
around the age of 50, when Nature has al 
ready curtailed the production of the 
ovarian hormones, a fact which interdicts 
the ovary as an important contributory 


etiological factor. Secondly, most carci 
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nomas arise on the basis of long-standing 
mastopathies, some of which are corrected 
by the administration of estrin. Further- 
more, in the study of the benign breast 
hyperplasias, it has been shown that large 
quantities of estrin cause a di atation of the 
ducts only. We have analyzed several 
cases of diffuse duct carcinoma of the 
breast. The lining cells of these ducts have 
undergone a transposition involution to 
malignancy, but still retain their differen- 
tiated ductal architecture. In certain of 
these pathologically clear-cut cases, there 
was found a deficiency of the ovarian hor- 
mone secretion with a compensatory high 
rise in the prolan secretion. One would ex- 
pect a high estrin with a duct carcinoma. 
In spite of these considerations, I still pro- 
pose to castrate patients with carcinoma of 
the breast whenever possible, until the in- 
dications for this procedure can be more 
accurately delineated. 

Experimentally it has not been demon- 
strated that the administration of large 
quantities of hormones will produce carci- 
noma of the breast. Lacassagne’s work is 
frequently quoted to prove that he pro- 
duced a high incidence of carcinoma by the 
administration of the ovarian hormone. 
What he actually did in a strain of mice 
normally susceptible to 72 per cent spon- 
taneous carcinoma of the breast, was to 
give estrin to the male mice of this strain so 
as to develop their breasts to a female ma- 
turity and thus permit their hereditary ten- 
dency to cancer to exert itself. He specifi- 
cally did not produce carcinoma of the 
breast by the administration of large quan- 
tities of estrin. 

Dr. Brunschwig’s presentation is a valu- 
able contribution to the study of the rela- 
tion of the time intensity factor to the 
rhythms of radiation effect and tumor re- 
sponse. However, we have found it im- 
possible to apply these studies based on 
single incident doses to protracted, re- 
peated-dose irradiation. For instance, one 


of his studies compares the radiation ad- 
ministered over a period of one-half hour 
with that of two hours. This is an apparent 
time ratio of 4 to 1. 


In protracted irradia- 
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tion, however, the factor of daily recovery 
must be considered. Consequently, on the 
one hand, the cells are resting for a period 
of twenty-three and a half hours, and on 
the other hand, for a period of twenty-two 


hours. This is actually not as great a dif- 
ference in the time intensity factor as origi- 
nally implied. Most current time inten- 
sity tests do not consider the influence of 
this recovery time, which becomes magni- 
fied when the treatments are given over a 
period of from three to four weeks. It over- 
shadows the importance of the exposure 
time. A daily treatment time ratio of one 
hour of exposure compared with twenty- 
four hours exposure, when protracted over 
a period of from twenty to thirty days, will 
show only a variation in erythema inten- 
sity of + as compared with 5. 

In trying to make some practical applica- 
tion of that, I think we might say that, 
where economics must be considered, it is 
feasible to use the high milliamperage and 
give the treatment over a short period of 
time, providing we split the rest period, 
giving one treatment early in the morning 
and the other late in the afternoon. 


Pau S. HENSHAW (New York City): I 
should like to discuss one point in connec- 
tion with Dr. Brunschwig’s paper on the 
time factor. 

If I have followed correctly, Dr. Brun- 
schwig selected two biological responses to 
radiation—the production of the skin ery- 
thema in one case and the destruction of 
germinal epithelium of the testes in the 
other—and has exposed the test materials 
to radiations varying in intensity as much 
as 1 to 18. In case of the erythema a 
greater effect was obtained when a high 
intensity and short exposure was used; 
whereas, in case of the germinal epithelium, 
about the same effect was observed irre- 
spective of whether a high intensity and 
short exposure or a low intensity and long 
exposure was used. ‘Thus, a time factor 
effect was found in the first case but not in 
the second. 

On the basis of this it was suggested that 
if tumor tissues respond to radiation as did 
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the germinal epithelium, clinical advantage 
would be obtained by using protracted 
radiation. This raises a question in regard 
to treatment economy. A manufacturer of 
x-ray equipment has mentioned to me that 
since the recent visit of Coutard to this 
country, there has been a rather general 
tendency on the part of those purchasing 
apparatus to want to give protracted treat- 
ments. The manufacturer pointed out 
that if low intensity radiation is what is 
needed, much less expensive equipment can 
be used to supply it. 

At the morning session we were privi- 
leged to hear reports dealing with recovery 
from x-ray effects in the human skin. It 
was pointed out that recuperation takes 
place rapidly following exposure and that it 
takes place even during treatment. Thus, 
we can see a reason why the skin is affected 
relatively less when protracted treatments 
are used. Moreover, it is obvious that the 
same advantage may be obtained by ad- 
ministering high intensities and using the 
divided dose technic with proper doses and 
spacings. Thus, the advantages of pro- 
tracted irradiation alluded to by Dr. Brun- 
schwig should be obtainable, even when 
high intensities are used, and thereby elimi- 
nate the disadvantages which go along 
with long treatments. 


Dr. MERRILL C. SosMAN (Boston): In 
view of what Dr. Hutton said about having 
a patient on your hands who desires and 
demands clinical relief no matter how ob- 
tained, may I add a clinical observation in 
the cases Dr. Steel referred to? This ob- 
servation may be of some benefit to you, as 
it has been to me. 

In a patient who has carcinoma of the 
breast with skeletal metastases, the pain 
may be considerably exaggerated during 
the menstrual period. If you get this in- 
formation from your patient, then you can 
practically promise her considerable relief 
by artificial menopause. ‘This is a very 
striking coincidence and is probably due to 
hormonal influence from the ovary upon 
the breast tissue which is forming the me- 
tastases, 
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I might also add that we are producing 
artificial menopause with x-ray treatments 
in all women with carcinoma of the breast 
who are still menstruating, regardless of 
whether or not they have metastases. 
This same principle is in force at the Massa- 
chusetts General Hospital and the Collis P. 
Huntington Memorial Hospital. 

In addition to relieving the patient of her 
pain, if she has metastases, there is a very 
important secondary benefit from artificial 
menopause, namely, the patient is pre- 
vented from becoming pregnant. As you 
all know, pregnancy very often stirs up 
cancer so that it spreads like wildfire. 

In view of these findings, I think we 
should all seriously consider routine roent- 
gen castration of all women with cancer of 
the breast who are in the pre-menopausal 
period of life. 


Dr. ALEXANDER BRUNSCHWIG (closing): 
I am sorry that I did not make myself clear 
in regard to conclusions concerning long 
and short treatment periods. I did not 
mean to imply that we were definitely com- 
mitted to prolongation of individual treat- 
ments, as I believe Dr. Henshaw inter- 
preted what we said as implying. 

I do not think we know, and I do not 
think anyone knows, which is superior at 
the present time if, indeed, there is any 
difference. It is true that Coutard de- 
veloped his technic with apparatus that 
could operate only at low intensities. As 
far as I know, he does not have a large 
series of cases treated at 25 milliamperes to 
compare with his original series treated at 
three, four, and five milliamperes. 

Our studies were merely attempts to find 
evidence as to which type of treatment we 
should use. Whereas we hesitate to draw 
conclusions on the basis of what we have 
done, we cannot help but feel (and this is 
purely personal) that if it be true that bet 
ter results are to be expected in cases in 
which the stroma of the tumor 
affected than in cases in which the irradia 
tion is given in such manner that there is a 
violent vascular reaction, irradiation should 
be administered at low intensities. This is 


is less 
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not a new reason for favoring low intensity 
irradiation. We simply present our ex- 
perimental results which we interpret as 
additional evidence favoring low intensity 
irradiation in the treatment of malignant 
epithelial neoplasms. 

We feel that if we got these reactions 
with 600 r, that in giving 250 or 300 ra day, 
even though it might not be so apparent, 
the vascular disturbance in the stroma of 
an epithelial tumor is less in cases in which 
there is protraction of individual treatments 
than in cases in which short, high inten- 
sity treatments are given. 

With 25 milliamperes and ().5 millimeter 
of copper filtration, about 200 r (measured 
in air) are delivered by our tubes in from 
eight to eleven minutes, and using the true 
Coutard technic it takes anywhere from 
two to two and a half hours, so that the 
time ratios are approximately the same be- 
tween high and low intensity treatments as 
in our experimental observations with high 
and low intensity exposures. 


Dr. Pavut C. Hopces (closing): Dr. 
Newell* has described a splendid example 
of the type of experimental controls that 
Dr. Barger has been urging upon us. At 
first thought one wonders why others have 
not controlled their experiments the way 


2 See Effect of Irradiation of the Pituitary in Dys- 
menorrhea, by R. R. Newell and A. V. Pettit, Rap- 
oLocy, October, 1935, 25, 424-428 
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Dr. Newell has done. The answer is prob- 
ably as follows: 

In Dr. Newell’s cases the dose was so 
small that there was no visible skin effect 
and as a result Dr. Newell was completely 
unbiased as he conducted his physical ex- 
amination of these patients. There was no 
surface indication to differentiate treated 
cases from untreated cases. 

Controlled experiments on the effect of 
testicular extract are not so easily arranged. 
Professor Moore, of the University of 
Chicago, who is working on testicular ex- 
tract, has confined his work to animals so 
that he can weigh the tissues concerned. 
In human experiments of this sort the evi- 
dence must rest largely on changes in sec- 
ondary sex characteristics. Judgment as to 
these changes takes us into the field of 
psychology and makes it extremely diffi- 
cult, if not impossible, to establish genuine 
controls. 


Dr. Davin STEEL (closing): I would 
simply like to thank Dr. Sosman for the 
very important point he brought up in con- 
nection with my paper. It is a point that I 
did not know and I think adds materially 
to what I had to say. 

Dr. Mortimer spoke of urgency in some 
of these cases. Certainly in cases that fall 
in the group of which I talked there is this 
urgency, and we are very fortunate indeed 
as roentgenologists and radiologists to have 
such a simple method at our disposal. 
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ACUTE PAINFUL ANKYLOSING ARTHRITIS 


WITH ESPECIAL REFERENCE TO THE NON-SUPPURATIVE TYPE 
By HARRY A. OLIN, M.D., Chicago 
Frcm the X-ray Department, Woodlawn Hospital, Chicago 


==HE literature on arthritis is so volumi- 
1] nous that one hesitates to add more ma- 

terial to a subject, the groundwork of 
which has been covered so exhaustively. 
Text-books cover the subject exceedingly 
well, and classifications are numerous and 
varied. A well directed effort has been made 
by the International Committee on Rheu- 
matism to study the subject intimately and 
toreport from time to time their findings on 


classification. It is not my purpose in this 
paper to deal with arthritis in general but 
to confine my remarks to a type that is 
acute, exceedingly painful, and inevitably 
terminates in ankylosis. 

My apologies are due the reader for these 
prefacing remarks, but since this form of 
arthritis is invariably of the dry and non- 
suppurative type associated with excru- 
ciating and agonizing pain, in which early 


CLASSIFICATION OF ARTHRITIS, INTERNATIONAL COMMITTEE FOR CONTROL OF RHEUMATISM, 
OCTOBER, 1930, KANSAS CITY 


Atrophic Arthritis 


Common synonyms Rheumatoid arthritis 
Terms employed in 


other classifications Arthritis deformans 


‘‘Poker-back”’ spondylitis rhizomelique 


Striimpell-Marie type 
Still’s disease (children) 


Age From infancy to middle life 

ReetCe ett ce et a Hes cre 

Body type Somewhat more common in 
ptotic men and women 

Onset Acute to insidious 


Symptoms and signs 
tigued easily 


Pain and disability often pronounced 
Joint swellings and muscle atrophy to be 


observed 


Early roentgenologic 


Proliferative or ankylosing arthritis 


General health usually not robust;  fa- 


No apparent cartilage or bone changes; 


Hypertrophic Arthritis 
Osteo-arthritis 
Degenerative or non-ankylosing arthritis 
Osteo-arthritis of the spine, von Bech- 
terew’s syndrome 
Malum cox senilis 


From middle life to death 

Somewhat more common in stocky, well 
nourished men and women 

Subacute to symptoms or ignorant of 
their presence 


slender, 


General health usually less disturbed 

Pain and disability often slight 

Joint swellings and muscle atrophy less 
noticeable 


Slight lipping of articular margins; no 


appearances general increased density of soft parts general increased density of soft parts 
Diminished density of bone; atrophy; no Less diminished density of bone (unless 
lipping from long non-use) 
Late Narrowed articular space-subluxations; Articular space irregular; hyperostoses; 
ankylosis no ankylosis 


Early marked _histol- 
ogy “pannus” 


Usually small round-cell infiltration; epi- 


theliod nests 


Tate Late destructive and atrophic processes in 


cartilage and bone 


Fibrous, true, bone ankylosis 


the etiology and best methods of treatment. 
This Committee has been functioning 
since 1930 and has created a well laid 
foundation by simplifying the nomencla- 
ture and establishing a simple, concise 


Early proliferation of synovial membrane 
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Early fibrillation of articular cartilage 
no general proliferation of synovial 
membrane; no small round-cell infil 
tration 

Chondro-osseous hypertrophy of articu- 
lar margins 

Late eburnation; deformation and hyper- 
trophy of articular bone ends; cyst 
like cavities in cancellous bone near at 
ticular surface; joint mice common 

No true bone ankylosis 


roentgenograms are usually negative, the 
writer will deem it a well-merited effort if he 
calls attention to it so that an earlier 
recognition of this crippling condition may 
be made. 
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My attention was recently attracted to 
this form of arthritis by two cases occurring 
in young women whose pain was so 
acute that, in order to radiograph them 
properly, each had to be narcotized 
before submitting to examination. While 
much has been written on painful and 
ankylosing arthritis, the writer has been 
able to find but little in the text-books or 
literature on the acute, painful, ankylosing 
type. As a composite clinical entity, 
Stern, of Cleveland, has emphasized this 
condition and cited two cases in a paper 
read in 1928 before the Orthopedic Section 
of the American Medical Association in 
Minneapolis. To quote: “But the com- 
bination of symptoms here described is so 
little known, the sufferings of the patients 
have been so great, the relief afforded by 
the proper recognition and treatment has 
been so striking, and the process has re- 
curred so characteristically in a sufficient 
number of cases that I am impelled to put 
my observations on record as a composite 
clinical entity” (1). 

As a perspective of arthritis, here is ap- 
pended a classification adopted by an inter- 
national committee. 


CAUSES OF ANKYLOSIS! 


Ankylosis is, in the first place, a second- 
ary condition, and is invariably the result 
of a previously existing disease either local 
in or about the joint, constitutional, or 
general. Theoretically, congenital anky- 
losis may occur, but the writer has been 
unable to find reference to it in the litera- 
ture. If ankylosis does occur ina joint, it is 
invariably the end-result of a reparative 
process. 

The causes may be classified as follows: 

(A) 1. Injury of articular surfaces, pene- 
trating and puncture wounds. 

2. Fracture into a joint. 

3. Non-suppurative inflammatory joints 
involving the formation of fibrous adhe- 
sions, or contraction of ligaments, whether 


1 Jn the main taken from the text-book of Rose and 
Carless, Manual of Surgery, eighth ed., p. 675. 
liam Wood & Co., New York, 1912. 
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traumatic, rheumatic, gouty, gonorrheal, 
tuberculosis, etc. 

4. Pyogenic infections. 

5. Destruction of bones, whether or not 
it is associated with articular disease, as in 
Pott’s disease of the spine, typhoid osteo- 
myelitis, malignancy involving the joint 
followed by repair, and osteomyelitis in- 
vading the joint, tumors destroying the 
joint, etc. 

(B) Nervous diseases leading toachronic 
form of arthritis. Lesions may be central 
as in the spina bifida, tabes, syringomyelia, 
or peripheral, as in neuritis, Raynaud’s dis- 
ease, diabetes, leprosy, or division of 
nerves. 

(C) Long-continued abnormal pressure 
of contiguous bones may result in ankylo- 
sis, as in scoliosis or arthritis deformans of 
the spine. In the latter disease, immobility 
may be due either to ossification of liga- 
ments or to the interlocking of osteophytes. 

Ankylosing arthritis may involve any 
joint in the body and forms one of the com- 
mon sequels of some types of arthritides. 
Perhaps it may be well briefly to review 
some of these well-recognized clinical types 
before describing the acute ankylosing en- 
tity. 


SPINE 


Perhaps von Bechterew’s chronic spon- 
dylitis which he first described in 1893 is 
the best example. It consists of a progres- 
sive stiffening of the spine, which, begin- 
ning in the dorsal region, extends down- 
ward and becomes associated with marked 
kyphosis. Clinically, there are signs and 
symptoms of nerve involvement, namely, 
paralysis and atrophy of the muscles of the 
back, especially in the upper portions in 
which diminished sensitivity and psychic 
phenomenaare present. The x-ray signs in 
advanced cases show a well-rounded dorsal 
kyphosis, with anterior narrowing of the 
vertebral bodies fused at their anterior 
margins, marked atrophy of the discs with 
much deposit of calcium in the cartilages, 
and calcification in the paraspinal liga- 
ments. 

Striimpell, in 1897, and Marie, in 1898, 
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described somewhat different forms of 
ankylosing arthritis in which the process 
first began in the lower spine and pro- 
gressed dorsalward. The main roentgen 
findings consisted of the sacro-iliac joints 
obliterated by firm bony ankylosis. The 
vertebre showed no changes in form but a 
general demineralization. The discs were 
normal in width but acquired an osseous 
character. The paraspinal ligaments be- 
came ossified, enclosing the vertebre in a 
thin bony sheath for the entire column. 
The usual involvement of the hips and 
shoulders in the ankylosing process led 
Marie to designate the affection as ‘‘spon- 
dylose rhizomelique.” Knaggs classified 
the Marie-Striimpell type of spondylitis as 
“spondylitis ossificans ligamentosa,’’ be- 
lieving that the ossification in the ligaments 
was the most important change. Marie 
considered this ankylosing type of spondy- 
litis not directly infectious, but probably of 
toxic origin, and indicated the possibility 
of a nutritional basis for the disease (2). 

Ankylosing spondylitis is sometimes also 
seen following trauma, pyogenic or sup- 
purative arthritis, and occasionally as an 
end-result of healed tuberculosis. Such 
ankylosis is the terminal process of a long 
chronic joint involvement which may re- 
quire from six months to two or more years 
to produce fixation. The more common 
arthritides which may lead to permanent 
ankylosis may be mentioned: the pyo- 
genic, rheumatoid, gonorrheal, traumatic, 
and tuberculous. 


PYOGENIC 


It is well known that local suppurative 
conditions such as osteomyelitis or sup- 
purative systemic infections from any local 
source, may lead to a joint infection with 
bony ankylosis as an end-result. Several 
authors in their classification have included 
acute infectious monarticular arthritis sec- 
ondary to streptococcus or staphylococcus 
imvasion elsewhere, such as boils, car- 
buncles, colds, sinusitis, tonsilitis, etc., in 
Which the end-result is either complete 
restoration of the joint with complete func- 
ion, or a completely destroyed joint with 


firm bony ankylosis, or a loose unstable 
joint (3). 

In 217 cases of pyogenic osteomyelitis re- 
ported by Bisgard (4), there was an associ- 
ated arthritis in 51 cases, an incidence of 23.5 
per cent. This author, in analyzing the 
joint involvement, found 42 cases resulting 
from direct extension from the adjacent 
diaphyseal infection, the large weight- 
bearing joints forming 92.5 per cent of this 
group. The other nine cases were from a 
blood stream infection. The hematoge- 
nous group showed less joint damage, 
although the percentage of ankylosis was 
44.5, whereas a good range of motion was 
preserved in 33.3 per cent. In this group 
the joints involved were the temporoman- 
dibular (3 cases), the hip, the knee, and the 
elbow (each in 2 cases). All three temporo- 
mandibular cases subsided without drain- 
age. 

The joints involved with respect to the 
bones from which extension occurred were 


as follows: 
Instances 
Knee (19 cases: 36 per cent) 
Distal end of femur......... ee 13 
Proximal-tipig. <2... 66. ss. 8 ects eau ei fant 6 
Hip (14 cases: 26.4 per cent) 
Proximal femur............: Lah ai ti ate 10 
MMR dae oGa tae Sith eee ea ses 4 
Ankle (12 cases: 22.6 per cent) 
PPAR oci5 8 3.0 'S oO adie, a as de 10 
Meer I a 5 shore Skee Sk ; Z 
Sacro-iliac (4 cases: 7.5 per cent) 


MN pried sone ain a ae niet aie ee eA eae eos 4 
Shoulder (2 cases: 3.8 per cent) 

PRIRINIS ooo sooo Sea Kamas G65 4 ans 2 
Elbow (1 case: 1.9 per cent) 

LS Se . . l 
Wrist (1 case: 1.9 per cent) 

CEtHhGl DANES. 4 065.6 cess Dasdabame eras ve dees l 


Of the entire group of 217 cases of osteo- 
myelitis, the tarsal bones were involved 
twice, the carpals only once. Extension to 
adjacent joints occurred in all three cases. 

Bisgard’s tabulation of end-results in the 
direct extension and hematogenous groups 
are as follows: 

Infection by 


Direct 
Exten- Metas- 
sion tasis 
Per- Per- 
Cases centage Cases centage 
Ankylosis......... 34 65.2 4 44.5 
Limited motion.... 12 22.6 2 22.2 
Full range motion. . a 13.2 3 33.3 
Total joints..... 53 9 
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GONORRHEAL ARTHRITIS IN INFANCY AND 


CHILDHOOD 


Pyogenic arthritis not uncommonly fol- 
lows local gonorrheal infection, the primary 
site of the disease occurring in the rectum 
and vagina. In 53 cases of gonorrheal poly- 
arthritis, Cooperman (5) found eight cases 
(four males and four females) of hip in- 
volvement in the newborn. The blood 
stream infection came from the local seat of 
the disease, and the portal of entry was the 
rectum. In five cases it occurred on the 
right side and in three on the left. The 
symptoms were pyemic in nature, with 
vaginal and rectal discharges. The fluid in 
the hip joints was purulent, and gonococci 
were found on smears. 

In a second group of six cases of pyogenic 
arthritis mentioned by the same author, 
hip involvement followed a suppurative 
mastoid in two cases, a pyelitis in another, 
and three in which the portal of entry was 
undetermined. The ages of the children 
ranged from five to thirteen years. The hip 
involvement occurred two and seven days, 
respectively, after a mastoidectomy, and 
the third followed 16 days after an acute 
attack of pyelitis, the latter case showing a 
positive blood culture with a high white 
and polymorphonuclear count. Two chil- 
dren who were treated conservatively 
showed no evidence of disease by roentgen 
ray. In two cases diagnosed as osteomye- 
litis of the upper femur, the roentgen ray 
examination was negative. Both cases 
were operated upon and drained but the 
hip joint was not explored. Peri-arthritis 
developed in both cases, necessitating a re- 
section of the hip in one of the children, and 
in the other a bony ankylosis developed. 


PURULENT ARTHRITIS 


Reich has collected 20 cases of purulent 
arthritis in which 32 joints were involved. 
Twelve cases had involvement of one joint, 
five of which were of gonorrhea] origin, and 
eight cases had involvement of three or four 
joints. Of the Neisserian joints, two re- 
sulted in complete ankylosis, one obtained 
100 degrees flexion, and the remaining two 
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had complete restoration of joint function, 
In gonorrheal arthritic joints the same 
author regards the knee as the most com- 
mon site, and next the foot and hand, fol- 
lowed by the fingers and toes. Trauma 
plays an important part in localization of 
infection. Purulent arthritis he considers 
as being more common in children than in 
adults. From the standpoint of etiology he 
roughly divides purulent arthritis into 
three classes (6): 

(1) Blood stream (infecto synovia pri- 
marily). 

(2) Penetrating wounds, as compound 
fracture, gunshot and _ puncture 
wounds. 

(3) Acute osteomyelitis which invades 
diaphysis adjacent to epiphyseal 
plate 

Reich in his summary contends that 
good results are obtained when cases are 
treated early, and that ankylosis follows 
neglected or mistaken diagnosis, and in 
cases in which erosion of cartilage has oc- 
curred. 

Ankylosis following gonorrheal infection, 
which is usually metastatic, has been men- 
tioned. Although occasionally this form of 
arthritis may become polyarticular in type, 
as a rule it is distinguished by its monarti- 
cular character. 

Caldwell, in a study of 17 children in 
whom 18 hip joints were involved, obtained 
the following end-results: eight hips were 
normal and nine had ankylosis or a very 
small range of motion. He concluded that 
ankylosis or pathologic dislocation is the 
usual sequel when the primary site of in- 
fection is in the intra-articular bony struc- 
tures, whereas excellent functional result 
is the rule when the process begins in the 
synovial membrane. All of his children 
were under fourteen years of age, and 13 of 
them were under six. He includes the fol- 
lowing conditions named by other writers 
as part of the same process, notably acute 
suppurative conditions of the hip (7). 

(1) Acute infectious arthritis (8) ; 

(2) Acute purulent arthritis (6) ; 

5) Acute epiphysitis, upper 

femur (9); 


end of 
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(4) Acute pyogenic arthritis (10) ; 
(5) Septic joints (11). 


RHEUMATOID ARTHRITIS 


Ankylosis is most common in rheumatoid 
arthritis in the atrophic form, a disease of 
young adult and middle life. In its early 
stages it is characterized by proliferative 
changes in the synovial membrane and by 
the formation of villi, fringes or tags, hence 
the name given by Nichols, and in its later 
stages by erosion of cartilage and atrophy 
of both bone and cartilage. These latter 
changes inevitably lead to deformity and 
ankylosis. 


TUBERCULOUS ARTHRITIS 


Tuberculous arthritis commonly termi- 
nates in the complete destruction of a joint 
unless, in the unusual event, the disease is 
conquered before it gains a firm foothold. 
The destructive stage of the process is so 
long drawn out that in the attempt of 
reparation, there occurs partial ankylosis or 
very rarely true bony ankylosis, particu- 
larly if secondary invasion takes place; 
whereas if ankylosis in pyogenic arthritis 
does occur, it is invariably of the firm solid 
type. A tuberculous joint, when second- 
arily infected, loses many of its character- 
istics, yet isolated remains may be found 
here and there and at times it may be diffi- 
cult to find specific lesions, although the 
joint is tuberculous (12). 


TRAUMATIC ARTHRITIS 


Perhaps it may be well to mention trau- 
matic arthritis in a few words. Ankylosis 
occasionally follows traumatic arthritis, 
especially when the amount of damage is so 
great to the articular surfaces and secondary 
infection involves the articular cartilage. 
Imperfectly healed fractures, when altering 
the plane of articular surfaces, may some- 
times cause by their chronic irritation 
changes which may lead to ankylosis. 


ACUTE PAINFUL ANKYLOSING ARTHRITIS 


This entity so closely resembles acute in- 
fectious arthritis that it may be worth while 
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briefly to review the latter and compare its 
differences. Both are essentially a disease 
of young life although occasionally it may 
be present in individuals past forty. From 
the etiologic point of view, varied bacteria 
have been found in the infectious type, 
whereas none has been found in the anky- 
losing type; the process in both is invari- 
ably metastatic. The most common etio- 
logic factor is some primary focus, usually 
the tonsils and teeth, single or in combina- 
tion. The throat also can be considered a 
very great common primary focus of infec- 
tion. Next in order can be mentioned the 
sinuses, gall bladder, colon, and even the 
cervix may harbor foci of infection. 


Stern cites two cases: one in a physician 
beyond the age of 50 years, who was af- 
fected with generalized skin affection and 
multiple subcutaneous abscesses. The 
skin lesions healed but on the third day 
severe, excruciating pain began in the hip 
joint which, on repeated aspiration, yielded 
several drops of blood-stained synovial 
fluid, negative to zrobic and anerobic cul- 
tures. The hip joint was not swollen and 
there was no unusual rise in temperature. 
Roentgenograms were negative. Careful 
palpation did not reveal any localized 
areas other than a generalized tenderness. 
Ten weeks following, ankylosis of the hip 
developed. A roentgenogram at this time 
showed complete absorption of the joint 
cartilages and narrowing of the joint space. 
No evidence of bone destruction or peri- 
osteal proliferation was seen. 


The other case is that of a woman 2: 
vears of age who developed involvement o 
the knee following a severe attack of folli- 
cular tonsillitis. She had prodromal pains 
in the legs while recovering from the tonsil- 
litis. Her physician, believing that the leg 
pains were secondary, hospitalized his pa- 
tient for a tonsillectomy. Four or five 


3 
f 


days following the operation, severe, ago- 
nizing pain, excruciating in type, developed 
in the knee, so much so that the slightest 
jar in bed or motion aggravated the pain. 
Roentgenograms of the knee were nega- 
tive. 


Aspiration of the knee joint yielded 
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no free fluid; the rise in temperature was 
slight. Culture and bacteriologic examina- 
tions were negative following a second joint 
aspiration. Swabs made from urethra, 
vagina, and cervix by a competent gynecolo- 
gist and cultures by a good bacteriologist, 
and repeated later, were negative for gono- 
cocci. Clinically, the knee at a later date 
became ankylosed. Subsequent roentgeno- 
grams three months later showed complete 
disappearance of the articular cartilages 
with no areas of bone destruction or local- 
ized periostitis. 

Infectious arthritis is usually polyarti- 
cular, whereas acute ankylosing arthritis is 
monarticular; in the former the joints are 
swollen, tender, and hot, while in the latter, 
the joints are rarely swollen. In infectious 
arthritis, fluid is usually increased and may 
be purulent, while in acute ankylosing 
arthritis little or no fluid may be found, 
and, if present, is never purulent. 
SYMPTOMATOLOGY OF ACUTE ANKYLOSING 
ARTHRITIS 


There is usually a history of acute, 
sharp, agonizing pain in the affected joint, 
all out of proportion to the other clinica! 
manifestations. If the history is carefully 
obtained, usually some antecedent infec- 
tion is discovered by the inquirer. Other 
major joints may be complained of, and 
even pain along the muscles of a limb, like 
the thigh or leg, if the hip joint is involved. 
With active or passive motion, pain be- 
comes intolerable, the patient actually 
shrieking with it. In the early stage the 
pain may be migratory from joint to joint, 
making it difficult for the examiner to de- 
termine the joint affected. This pain may 
continue for several or more weeks until it 
finally settles in the affected joint. The 
symptoms are entirely subjective and one 
is puzzled at the beginning to determine the 
exact joint involved. 

Reich (6) mentions this form of ankylos- 
ing arthritis that closely resembles rheu- 
matic fever from which it must be differen- 
tiated. There is usually a history of 
rapidly developing pain in a joint, together 
with local signs of heat, rigidity, limitation 





of motion, and possibly effusion. Soon 
after, the patient complains of pain in other 
joints which is less severe and less definite 
in the local findings. The pains in the other 
joints soon subside but the original joint 
becomes more involved, limitation follows, 
and then ankylosis with severe deformity, 
He cites the case of a woman, aged 39 
years, who, three weeks after an attack of 
influenza, developed involvement of the 
metacarpo-phalangeal joint of the left in- 
dex finger, with subsequent complete anky- 
losis. She complained of severe pain in her 
left index finger, her other hand, elbows, 
shoulders, and left hip. All the joint pains 
subsided except that of the index finger 
(metacarpo-phalangeal), which persisted. 
The joint was hot, swollen, and severely 
tender to touch, being increasingly painful 
on motion. Temperature was 103 degrees; 
white blood count was 15,400. X-ray ex- 
amination showed a narrowing of the joint 
space with destruction of cartilage. 

In the author’s two cases the hip and 
elbow joints were involved. In the elbow 
case, roentgenograms taken on the day of 
admission revealed a normal joint space. 
The periosteum of the external condyle of 
the humerus was slightly raised but the cor- 
tex and medulla were normal. Three days 
iater the same appearance was seen. The 
patient then left the hospital, to be read- 
mitted three weeks later. A roentgeno- 
gram made on Sept. 7, 1934, showed in- 
creasing destruction of the cortex of the in- 
ternal condyle with the periosteum thicker. 
Ten days later the joint cartilage presented 
early destruction with some narrowing of 
the joint space. On Sept. 24, 1934, the 
joint cartilage revealed greater destruction 
with greater irregularity of the articular 
cortex. The author's case is presented in 
detaii in the appended reports The subse- 
quent course and study predicted an inevi- 
table ankylosis. 

In the hip case, extreme, excruciating 
pain was experienced in the affected joint 
although the patient suffered pain in the 
remainder of the right lower extremity to 4 
lesser degree. For a period of five or more 
weeks the patient experienced intolerable, 
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agonizing pain, necessitating frequent ad- 
ministration of morphine to keep her in 
fair comfort. In the interim, roentgeno- 
grams of the entire right lower extremity on 
two occasions were negative; the third, 
however, revealed early necrosis of the neck 
of the femur on the outer side at the base 
in a circular area about 1.5 centimeters in 
diameter. Complete details of this case 
are also appended in the report of Case 2. 


PATHOLOGY 


What the true etiology of this form of 
arthritis is still remains unknown. Little 
or no joint fluid occurs and it is possible 
from a study and review of these two cases 
that bacterial emboli in the blood stream 
are deposited in a terminal vessel or vessels 
in the periosteum of the metaphysis. The 
irritation of the periosteum followed by an 
inflammatory reaction raises this structure 
and then the process attacks the adjacent 
articular cortex. Finally, the articular car- 
tilage is invaded and destroyed, producing 
as an end-result destruction of the joint it- 
self, with ankylosis as a terminal reparative 
factor. The roentgenograms of both of 
these cases, especially that of the elbow, 
support these sequence of events. There is 
no doubt but what the effect of contact and 
pressure aid in destroying the articular car- 
tilage in the region of contact of opposing 
articular cartilages (10). Several cultures 
from the elbow on aspiration yielded no 
growth. 


DIAGNOSIS 


The diagnosis is rather perplexing at first 
and must be made by exclusion. Early 
tuberculosis may simulate this condition, 
although the usual bone atrophy is not 
present as in caries sicca. Free fluid in the 
joint was absent in these reported cases as 
well as those of the author. Bacterial cul- 
tures on several occasions in the elbow 
joint yielded no growth. The dry form of 
gonorrheal arthritis is another possibility 
which may resemble this condition, but evi- 
dence of Neisser’sinfection may be obtained 
both from local examination and from his- 
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Roentgenogram taken 


Fig. 1. Case 1. 
on Sept. 7, 1934. Note destruction of peri- 
osteum at the point indicated by the arrow. 


tory of exposure in most instances. Be- 
sides, in a gonorrheal joint there are usu- 
ally definite signs of swelling and free fluid. 
The other types of purulent arthritis even 
in the mild form will yield, on aspiration, a 
cloudy fluid with bacteria present from 
which the culture will corroborate the find- 
ings. Rheumatic arthritis generally re- 
sponds to large doses of salicylates which 
acute ankylosing arthritis fails to do. The 
migratory character of the joint pains finally 
subsiding in all but the affected joint is the 
characteristic subjective sign which is the 
clinical keynote of diagnosis. Later, the 
roentgenograms will disclose a narrowing 
of the joint space, with irregularity of the 
articular surfaces. Prior to these changes, 
if persistent roentgenographic examination 
is made before the application of a plaster 
cast, early bone destruction will be found, 
as noted in the hip and elbow cases of the 
author. Finally, in the course of several 
months, roentgenograms will disclose com- 
plete ankylosis of the joint, always mon- 
articular. As a rule in infectious arthritis, 
ankylosis does not occur until after the sec- 
ond or third year (13). 


ROENTGEN FINDINGS 


Early roentgenograms are always nega- 
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Fig. 2. 
Fig. 2. Case 1. Roentgenogram taken on Nov. 14, 1934. 
cartilage, and articular cortex. 
Fig. 3. Case 1. Roentgenogram taken on June 21, 1935. 


the ulnar involvement. 


tive. To secure the best co-operation of 
the patient, morphine medication is neces- 
sary in order to insure good readable plates 
of diagnostic quality, as the least motion 
will defeat this purpose. To make certain 
that other joints are not involved, roent- 
genograms should be taken simply to rule 
out possible pathology other than the 
affected joint. The earliest lesion shows a 
raising or slight proliferation of the perios- 
teum, followed by absorption of the corti- 
cal edge which is thinned out. Then fol- 
lows invasion or absorption of the articular 
cortex which soon becomes irregular and 
slightly ragged. As the process progresses, 
the articular cortex deepens and shows 
roughening. The joint space subsequently 
is narrowed, the articular cartilages are 
undergoing destruction, and soon nothing 
but opposing articular cortical surfaces 
meet; in other words, bone meets bone 
with no structures intervening. In the hip- 
joint case, a circular area of bone destruc- 
tion was found at the base of the neck. If 
x-ray studies could have been made prior to 
this, perhaps there might have been 
demonstrated a similar sequence of in- 
volvement of structures to that shown in 
the elbow joint. Regional bone atrophy 
always accompanies these joint changes as 
well as atrophy from disuse. 





Fig. 3. 


Note severe destruction of joint structures 


Note complete ankylosis of the elbow, especially 


SUMMARY 


Acute, painful ankylosing arthritis is 
commonly found in young adults. The 
clinical picture is usually one of an acute 
onset, characterized by extreme, severe, 
excruciating, agonizing pain in the affected 
joint with little or no swelling and aggra- 
vated by the slightest active or passive 
motion. This stage may be preceded by 
one in which the pains are migratory, all 
subsiding in a few days or weeks except 
those in the involved joint. Finally, the 
process continues, with eventual ankylosis 
in two or three months. The temperature 
is usually of a low grade, and leukocytosis, 
if present, is slight. Early roentgenograms 
are negative; later the joint shows definite 
narrowing and destruction of the articular 
surfaces, changes which may be preceded 
by early bone destruction and slight perio- 
steal reaction. Finally, early ankylosis of 
the joint takes place as a reparative pro- 
cess. Repeated roentgenograms are rec- 
ommended without the plaster cast, if pos- 
sible, under the influence of narcosis to 
avoid motion and to insure diagnostic 
plates of high quality. 


My thanks are due to Dr. F. M. Moeller 
for the clinical material and for the privi- 
lege of reporting these two cases, and to 
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Dr. Philip Lewin who kindly gave me 
several valuable suggestions. 


CASE REPORTS 


Case 1. No. 2,741. E. M., female, un- 
married, aged 29 years, was admitted to the 
Woodlawn Hospital on Aug. 27, 1934, to 
the service of Dr. F. M. Moeller, complain- 
ing of a painful swelling of the left arm, of 
one week’s duration. 

Onset and Course.—Five weeks pre- 
viously, the patient had fallen from a 
bicycle, bruising her left arm, shoulder, 
and lower leg. Three and one-half weeks 
before admission she had developed chilly 
feelings and a sore throat, followed by a 
period of being ‘‘feverish.”” She went to 
bed feeling quite weak. The following 
morning she noticed a swelling the size of a 
hen’s egg in the region of the left tendo 
achillis, and there was recurrent smarting 
pain in this region. After two or three 
days, the swelling disappeared spontane- 
ously. Immediately following, the left 
upper arm became swollen and tender. 
The pains became paroxysmal in character, 
radiating from the wrist to the left eye and 
ear. Her arm felt quite stiff, with recur- 
rent twinges of pain. The patient gives a 
history of numerous functional complaints 
none of which are related to the present 
condition. She is an extremely active type 
of individual. She has had much dental 
work done recently. Her past history was 
irrelevant. 

Physical Examination.— Essentially nega- 
tive, except for the left arm, which is 
slightly swollen and very tender to the 
touch. There is a firm swelling, the size of 
an almond, over the left tendo achillis 
which is subcutaneous, not movable. Ten- 
don reflexes are equal and lively. Her sen- 
sation to cotton and pin is normal. 

A diagnosis of an infection of the left 
elbow was made, the result of which led to 
an operation on Aug. 27, 1934. An incision 
over the external condyle was made and 
another below it; there was oozing of 
blood, but no pus. The wound was left 
open and hot wet dressings applied. The 
patient was discharged, her left elbow not 


having improved. While at home two 
weeks, the ache in her arm continued. 
Soon the left hand and wrist became puffy 
and tender. Three days before this report 
she became nauseated and vomited a little 
clear material. The dull ache has in- 
creased. 

The patient was readmitted on Sept. 17, 
1934. Findings were negative except for 
the left arm which is held stiffly on the pil- 
low. The joint is swollen and very painful 
on the slightest manipulation. There is no 
tenderness over any other of the long 
bones, nor is there stiffness in the other 
joints. 

A second operation was performed on 
Sept. 25, 1934. A small opening was made 
over the soft area, but no pus was found. 
Her arm was manipulated and a splint ap- 
plied for fixation. On the same day, four 
pieces of tissue were submitted for micro- 
scopy; they showed non-specific inflamma- 
tory changes with polymorphonuclear in- 
vasion. (Dr. J. T. Kirshbaum, pathologist.) 

Sept. 
Blood Picture Aug. 27 Sept. 17 30 

Hemoglobin 80% TO% 

White blood cells 11,000 10,450 8,950 

Red blood cells 4,110,000 4,820,000 
Differential 

Polymorph. neutro. 8 

Polymorph. eosin. 


Small lymphocytes l 
Large monocytes 


84 


16 


me Coe bo 


On Sept. 28, 1934, a culture was taken 
from the patient’s elbow, and given 72 
hours’ incubation; no growth appeared on 
either agar or dextrose broth. 

Consultation Note.—On Sept., 28, 1934, 
acute hematogenous arthritis of the left 
elbow developed, of two months’ duration; 
the last x-ray films show regional bone 
atrophy and narrowing of cartilage space 
and irregularity of the articular cortex. 
Earlier x-ray films show periosteal new 
bone on humeral metaphysis. The organ- 
ism was undetermined but it must be of the 
pyogenic group. Because of the joint de- 
struction, ankylosis of a high grade is to be 
expected and may be complete. 

Treatment.—There was immobilization, 
with the joint gradually being brought to 
the right-angle in stages. The patient’s 
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arm has been placed in a plaster cast until 
all symptoms of infection have subsided. 
She has been advised against active motion 
as it may stir up infection. If stiffness re- 
sults it is possible that arthroplasty for 
mobilization would be advisable in two or 
three years (Dr. D. B. Phemister). 


ROENTGENOGRAMS 


That of Aug. 27, 1934, of the left elbow 
joint, showed the joint space to be normal, 
and the periosteum over the external con- 
dyle to be raised along the margin for a dis- 
tance of two inches. The cortex and me- 
dulla appeared normal. X-ray diagnosis 
was periostitis, early osteomyelitis to be 
considered. 

In that of Aug. 30, 1934, the periosteum 
still showed the same appearance; the 
medullary canal and cortex appeared nor- 
mal, as well as the joint space. X-ray diag- 
nosis was traumatic periostitis; elbow 
joint was normal. 

On Sept. 7, 1934, the left elbow showed 
increasing destruction of the cortex on the 
external condyle of the humerus, with 
periosteum thicker (Fig. 1). 

On Sept. 17, 1934, the bone destruction 
appeared greater but localized; several 
more areas of bone absorption were seen in 
the region of the external condyle. The 
cartilage had become involved, with irreg- 
ularity of the articular cortex. 

On Sept. 24, 1934, the cortex and perios- 
teum of the external condyle revealed 
greater involvement. More regional bone 
atrophy was present, with greater joint 
cartilage and cortical articular irregularity. 
X-ray diagnosis was destructive arthritis of 
the left elbow. 

On Oct. 24, 1934, roentgenograms of the 
teeth revealed the following: upper left 
jaw, first molar contained three root canals 
incompletely filled, with a small area of 
apical absorption (distal root). Upper 
right jaw, a large cavity in the body of the 
second molar involving the pulp chamber. 
Lower left jaw, no pathology. Lower right 
jaw, no pathology. 

On Nov. 14, 1934, roentgenograms of the 
left elbow showed that the joint changes 
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were more extensive, in comparison to the 
examination of Sept. 24, 1934. The joint 
space was considerably narrowed and ir- 
regular, with the articular surfaces uneven 
and with apparent involvement of the 
joint cartilages and synovial membrane, 
Throughout the articular ends the cortex 
had thinned out, with the trabeculze being 
indistinct and showing considerable bone 
absorption. The periosteal action was still 
present on the anterior aspect of the joint 
and seemed to be a little greater than in the 
examination of Sept. 24, 1934. 

Summary.—Left elbow, destructive ar- 
thritis, with partial disintegration of joint 
surfaces (Fig. 2). 

On Nov. 16, 1935, x-ray examination of 
the left wrist showed the articular surfaces 
of the joint to be uneven and blurred, with 
thinning of the cortex—due to beginning 
changes in the articular cartilage (?) All 
bones showed a moderate osteoporosis, 
probably due to disuse. Roentgen appear- 
ance was that of beginning changes in the 
wrist joint, probably of an infectious (?) 
type. 

Summary.—Infectious (beginning) ar- 
thritis. This joint subsequently cleared up 
and on June 21, 1935, had normal function. 

On June 21, 1935, roentgenograms of the 
left elbow showed complete ankylosis, the 
joint at an angle of 23 degrees. The pa- 
tient had had complete ankylosis of the left 
elbow for the past four or five months. 
Figure 3 shows the condition of the elbow 
on June 21, 1935. Undoubtedly the source 
of infection was the sore throat aggravated 
by previous injury and probably compli- 
cated by dental infection from a decayed 
tooth. 

Case 2. No. 7,050. D. L., female, un- 
married, a clerk by occupation, aged 25 
years, was admitted to the Woodlawn Hos- 
pital on Feb. 25, 1935, in the service of Dr. 
F. M. Moeller. Her chief complaint was 
pain in the right leg to the hip of two 
weeks’ duration. 

Onset and Course.—The patient con- 
sulted her doctor because of dizziness 
which had been present for the past eight 
months. Due to overweight she had 
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dieted, losing 30 pounds in this period. 
Several weeks before admission she suffered 
with a sore throat. Several hours later, she 





Fig. 4. Case 2. Roentgenogram taken 
on March 21, 1935. Note destruction of 
upper articular cortex, being greatest at the 
base of the outer neck indicated by arrow. 


felt severe pain in the right lower extremity 
from the hip to the ankle, and was unable 
to move the fingers of the right hand. 
Later, she suffered with severe pain in her 
arm from the right elbow to the wrist, and 
in her leg, for two weeks. The arm pain 
disappeared but the hip and leg pain was 
much more severe. The patient described 
the pain as a continual ache which was very 
severe at times, being worse at night, and 
excruciating on the slightest motion. 

Past History.—The patient had had 
mumps in childhood. Her menstrual his- 
tory, which began at the age of 15, was 
regular every 28 days, there being a profuse 
flow for from 5 to 7 days. Other history 
was of no importance. 

Physical Examination.—Essentially neg- 
ative except for the right lower extremity. 
There was tenderness along the right 
lower extremity from the hip to the 
ankle; the skin color was normal; there 
was no swelling of the soft tissues. Ex- 
cruciating pain was elicited on motion of 
the right limb. Temperature persisted 
around 100° with several ‘‘flare-ups,’’ go- 
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ing to 102° and 103° at two separate inter- 
vals about a week apart, gradually return- 
ing to a level between 99.4° and 100° for 





Fig. 5. Case 2. Roentgenogram taken 
on Aug. 31, 1935. Note narrowing of joint, 
with erosion of articular cortex: end-result, 
ankylosis. 


the period of the first four weeks at the 
hospital. The pain in the right lower ex- 
tremity has become increasingly severe and 
excruciating. The patient has been under 
morphia with some relief. 
Treatment.—March 24, 1935, the pa- 
tient was given general anesthesia in order 
to apply a body plaster cast, which em- 
braced the pelvis and the right lower ex- 
tremity to the toes and downward on the 
left thigh to the knee. The patient was 
then placed on a Bradford frame. Since 
the application of the cast, she has become 
much more comfortable, with a decided 
relief of pain. When moved in bed, how- 
ever, severe pain recurs. She remained in 
bed resting very comfortably, and was dis- 
charged in the plaster cast on April 23, 
1935, her condition being improved. The 
cast was removed on Aug. 30, 1935, the hip 
presenting an almost complete ankylosis. 


Blood picture Feb. March March 
25 12 21 
Hemoglobin 75% 70% 
White blood cells 10,750 8,400 8,250 
Red blood cells »390,000 4,470,000 
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Differential 
Polymorph. neutro. 82 74 69 
Small lymphocytes 15 22 7 
Large monocytes 5 4 4 


Urine: negative 

Wassermann: negative 

Kolmer: negative 

Sedimentation test, March 9, 1935: 15 minutes—3.5 
millimeters; 30 minutes—7.5 millimeters; 45 min- 
utes—10.4 millimeters. 


ROENTGENOGRAMS 


Feb. 25, 1935, pelvis and hip joints, nega- 
tive. 

March 7, 1935, right and left knees, nega- 
tive. 

March 21, 1935, right hip to toes, inclu- 
sive, showed a circular area of bone ‘de- 
struction 1.5 cm. in diameter in the neck of 
the femur to the outer side at the epiphy- 
seal line, also at the margin of the inner cir- 
cumference of the head. This was the 
first indication of pathology ; the remainder 
of the lower extremity was negative. For 
radiographic examination complete mor- 
phia narcosis was necessary (Fig. 4). 

June 4, 1935, right hip, showed the joint 
space narrowed, with roughness of cortex 
on the outer circumference of the head. 
Much of the bone detail was obscured by 
the plaster cast. 

Aug. 31, 1935, right hip, revealed a 
marked narrowing of the hip joint space 
which is irregular and uneven (plaster cast 
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was removed previous day). The articu- 
lar cortex showed erosion with much de- 
struction of the joint cartilage. Clinically, 
the hip presented an almost complete an- 
kylosis although there was about 5 degrees 
of flexion (Fig. 5). 
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ROENTGENOLOGIC AID IN THE “ACUTE ABDOMEN” 





WITH SPECIAL REFERENCE TO INTESTINAL OBSTRUCTION 


By WILLIAM ROBERT STECHER, M.D. 


Easton, Pennsylvania 


ESPITE the tremendous advances in 
D attaining a marked decrease in mor- 

tality of practically all other acute 
abdominal catastrophes, that of intestinal 
obstruction, especially the acute type, re- 
mains appallingly high. When one reviews 
the literature pertaining to intestinal ob- 
struction, the amazing fact is revealed that 
the mortality from acute intestinal ob- 
struction is practically as great to-day as it 
was five decades ago. A conservative 
estimate of the cross-sectional mortality 
would place the rate at approximately 45 
per cent. Immediately, the important 
question confronts us: Why this terrific 
mortality? Paradoxically, the answer can 
be simply stated in the fact that the mor- 
tality is, primarily, directly proportional 
to the duration of the obstruction, which is 
dependent upon the time of establishment 
of a diagnosis. It is patent, therefore, that 
the earlier a diagnosis is arrived at, the 
less the mortality will be. However, an 
inherent factor is the difficulty encountered 
in a clinical diagnosis per se, even when the 
patient has been observed early. In any 
series of cases, it is apparent that intestinal 
obstruction, due to strangulated hernia of 
the external type, is attended with a mark- 
edly lower mortality, which in a great 
measure is related to the speed of diagnosis, 
for this entity is readily recognized. 
Probably of greatest importance is the fact 
that the commonly accepted criteria, upon 
which a diagnosis of intestinal obstruction 
is formulated, are either insufficient or not 
manifest enough during the early period of 
the obstruction to even suggest the nature 
of the condition. Although pain, nausea 
and vomiting, abdominal distention of 
meteorism, and obstipation and collapse 
are present at some time during the course 
of the catastrophe, it is the procrastination 
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in waiting for these signs and symptoms to 
establish a diagnosis of intestinal obstruc- 
tion that is probably the greatest single 
factor in losing the most propitious time in 
which efficient surgical intervention or 
medical treatment could be instituted. 

After it has been repeatedly shown that 
the mortality of intestinal obstruction, 
when the diagnosis was made within six 
hours, is mz/, and in the first 12 hours is 
less than 5 per cent as contrasted to 11 per 
cent for the 24-hour period, with an aver- 
age mortality of 45 per cent, the crying 
need for earlier diagnosis is evident. Any 
auxiliary method which will assist is of 
worth, and should be assiduously and 
routinely employed. 

It is of paramount importance to have a 
clear understanding of the general nature 
of acute intra-abdominal lesions, for it must 
be acknowledged that, notwithstanding all 
the methods of precision at our command, 
occasionally it is impossible to obtain any 
precise knowledge of the location and 
nature of the lesion until a laparotomy has 
been performed. On the one hand, it is a 
grievous error to wait for pathognomonic 
clinical signs, which will generally postpone 
treatment until it is of little avail, v7z., 
ruptured peptic ulcer or acute intestinal 
obstruction. Merely a reasonable suspicion 
of such an occurrence makes instant ab- 
dominal exploration imperative, and, with 
our present radiologic aid, should rarely 
be misdiagnosed. On the other hand, 
unnecessary operations have been done, 
but with no serious sequele, e.g., in renal 
or lead colic, and tabetic crisis. However, 
there exists a small group of cases in which 
an operative procedure turns the balance 
of the scale in a fatal direction. These 
non-surgical conditions are as follows: 
lobar pneumonia, which frequently is ex- 
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ceedingly difficult to diagnose clinically in 
young children; acidosis, particularly in 
diabetics, and cholera, in countries where 
that is prevalent. It is obvious that the 
prime consideration is to decide the neces- 
sity of operation; accordingly, the possi- 
bilities of roentgenology as an additional 
aid in arriving at an earlier diagnosis and 
decision in this regard are herewith pre- 
sented. 

In no other phase of medicine does an 
accurate history aid one as much as in the 
roentgenologic diagnosis of the ‘‘acute 
abdomen,”’ and a few of its salient features 
will be commented upon. An exact anam- 
nesis relating to the character of any 
preceding illness or pain is important. 
Thus, quantitative dyspepsia, with pain 
occurring directly after ingestion of food, in 
gastric ulcer; or from one to two hours 
post cibal, in duodenal ulcer, together with 
a sudden abdominal catastrophe, well- 
nigh lends a diagnosis of perforation. 
Again, indefinite digestive disturbances of 
a qualitative nature often precede pan- 
creatitis, biliary colic, etc. An important 
consideration is the sudden rupture of a 
silent peptic ulcer, or the not infrequent 
formes frustes type of spontaneous closure 
with absence of acute symptoms. For- 
tunately these are readily diagnosed roent- 
genologically. Icterus suggests biliary 
colic, and inferentially a possible empyema 
or ruptured gall bladder, intestinal obstruc- 
tion by biliary calculus and as a precursor 
of pancreatitis. Difficult, frequent, or 
painful urination often precedes or is 
concomitant with renal colic crises. Paren- 
thetically, a history of progressive oliguria, 
approaching anuria, has often been noted 
in acute intestinal obstruction, due to the 
associated vomiting and resultant dehy- 
dration. Not infrequently, an intravenous 
urographic study is requested by the 
referring physician and pathognomonic 
evidence of intestinal obstruction or even 
peritonitis is disclosed. 

Although constipation is common in 
intestinal obstruction, it is foolhardiness 
to depend upon diagnostic enemas, for it 
has been conclusively demonstrated, both 
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anatomically and physiologically, that the 
bowel distal to the point of obstruction wil] 
expel an administered enema with return 
of gas and feces. 

Previous attacks of pain should be 
analyzed, to determine whether they are of 
the type due to a displaced kidney or 
spleen, or a twisted ovarian cyst, or whether 
they are of the colic type—biliary, renal, 
or lead colic. 

Although appendicitis may have re- 
peated attacks, the fulminating nature of 
the initial attack usually presents the 
difficulty in diagnosis. The occupation of 
the patient, relevant to possible plumbism 
must be determined. Traumatism, if 
direct and severe, may cause visceral 
rupture or precipitate rupture of an extra- 
uterine pregnancy. In the latter regard the 
menstrual history is very important. 

An increased pulse rate is practically 
always present in the “acute abdomen,” 
except in that of a colicky nature. A 
small, wiry pulse suggests peritoneal in- 
vasion, whereas a rapid, compressible 
pulse, together with air hunger, thirst, 
lowered blood pressure and hemoglobin, are 
typical of hemorrhage. Changes in the 
pulse are important, viz., increased rate 
with falling temperature is of grave sig- 
nificance. Temperature per se is of slight 
value in early diagnosis, for even in the 
most severe conditions it may be normal. 
A tendency toward a ‘‘pump-handle” 
septic type of temperature range is sug- 
gestive of suppuration in the portal ducts 
or of portal pyemia. Subnormal tempera- 
ture may mean collapse or sudden peri- 
toneal invasion. 

Vomiting is an important initial symp- 
tom, and even though it may accompany 
any condition of shock, nausea and vomit- 
ing in intestinal obstruction are far more 
reliable diagnostically than pain, especially 
if they are persistant and increasing. An 
important fact is that the most severe cases 
of perforated peptic ulcer are not accom- 
panied by vomiting as a rule. Blood in 
the vomitus is, of course, significant. 

Constipation to some degree is almost 
always present in acute abdominal lesions 
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and its significance has been amplified upon 
heretofore. Diarrhea, with blood and 
mucus, suggests intussusception or entero- 
colitis. 

Pain is a common denominator, and its 
character is important. Initial severe pain 
is present in acute small bowel obstruction 
whereas it is exceptional in colonic obstruc- 
tion. A very sudden onset signifies a 
ruptured viscus, or biliary or renal colic. 
Premonitory symptoms are noted in in- 
testinal obstruction, strangulated hernia, 
etc. The location of the pain is significant 
but unreliable. Intermittent pain is present 
in various forms of colic, partial and com- 
plete intestinal obstruction, and acute 
intussusception. 

Physical signs are not as important as 
the history and symptomatology in the 
acute abdomen. However, local tender- 
ness and rigidity are generally indicative of 
inflammatory involvement, in contradis- 
tinction to relief of pain upon pressure in 
colic. Abdominal distention is not an 
early sign of intestinal obstruction. Shift- 
ing dullness in the flanks is indicative of 
free peritoneal fluid. Obscured hepatic 
dullness suggests free peritoneal gas from 
a ruptured hollow abdominal viscus. In- 
terposition of the hepatic flexure between 
the diaphragm and liver is not a rarity 
and may be confused in this regard. . There 
is rarely a palpable tumor, except in acute 
intussusception. Displaced kidney, spleen, 
ovarian tumors, or distended gall bladder 
may be palpable. Rectal and vaginal 
examinations should be made whenever 
indicated. 

Curiously, acute intestinal obstruction is 
the only serious acute abdominal disorder 
in which physical findings are not present 
early. Deductively, it should be a diag- 
nostic dictum that in the presence of any 
acute abdominal complaint, accompanied 
by intermittent colic, nausea, and vomiting, 
with no physical signs, the probable diag- 
nosis is acute intestinal obstruction, and 
confirmatory roentgenologic examination 
ismandatory. It has been experimentally 
shown that intestinal obstruction without 
interference with the blood supply of the 
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affected part presents late physical find- 
ings; but fortunately in this type of ob- 
struction, the roentgenologic findings 
enable one to make an early diagnosis. 

In those cases in which roentgenologic 
examination does not clinch the diagnosis, 
careful watching of the progress of the 
case is imperative, for rapid increase of 
symptoms in the first two hours indicates 
a visceral lesion and an _ exploratory 
laparotomy. One should never wait for 
increased distention and vomiting to diag- 
nose intestinal obstruction. Steady im- 
provement follows shock without visceral 
involvement after trauma, but if there is a 
rising pulse rate, hemorrhage is present. 
Sudden relief of pain usually indicates 
passage of a calculus, or, more important, 
gangrene in intestinal strangulation, or 
other inflammatory lesion. 

There are certain valuable special labora- 
tory examinations the significance of which 
are cursorily alluded to in the following: 
A moderate leukocytosis with relative in- 
crease in polymorphonuclear cells, suggests 
an acute infection, well resisted; v7z., an 
appendiceal abscess. Physical examination 
of the chest is always extremely important 
for, especially in children, a basal pneu- 
monitis or pleuritis may simulate abdomi- 
nal disease. The earliest detection of such 
a complication is, of course, by roentgenog- 
raphy. Cardiac disease, such as coronary 
thrombosis, not infrequently presents acute 
abdominal symptoms. 

The urine presents valuable information ; 
for crystals, blood, and albumin suggest 
renal colic; bile pigments—biliary colic; 
sugar—pancreatitis; indican—acute small 
intestinal obstruction; Cammidge’s crys- 
tals—pancreatitis; acetone and diacetic 
acid—acid intoxication. In regard to 
acidosis, this syndrome is treacherous, for 
an exploratory laparotomy under a general 
anesthetic will frequently terminate fatally. 
This condition occurs in obese patients 
and young children, and in diabetics. 
Blood sugar and CO, combining power 
estimations are helpful aids in forming a 
diagnosis. Fecal examination may show 
blood and mucus as found in cholera, 








colitis, or in intussusception. Large quanti- 
ties of fat and undigested meat fibers are 
present in pancreatitis, occult blood being 
found in peptic ulcer. In all cases a 
thorough physical examination should be 
made including neurologic findings, for 
absence of patellar reflex and Argyll 
Robertson pupils are cardinal signs of 
tabes dorsalis, which may be masked by 
the abdominal discomfort of a visceral 
crisis. The non-protein nitrogen estima- 
tion of the blood is elevated in intestinal 
obstruction. Due to persistent vomiting 
and accompanying dehydration in in- 
testinal obstruction, there are changes in 
the ionic balance of the blood somewhat 
akin to phenomena observed in pernicious 
vomiting as noted in pvloric obstruction. 
Thus, chlorine and sodium are lost, the 
blood chlorides fall, and alkalosis ensues. 
These laboratory findings are in proportion 
to the height of intestinal obstruction, for 
low large bowel obstruction presents 
minimal and late laboratory findings. 
Intestinal obstruction may be partial, 
complete, acute. or chronic. Acute ob- 
struction is due to sudden narrowing or 
occlusion of the intestinal lumen. If in 
addition there is obstruction to the vascular 
supply of the bowel wall, strangulation en- 
sues. This produces violent peristalsis, 
with the proximal gut vainly lashing itself 
in an endeavor to force the fecal current 
past the obstruction. Peristalsis distal to 
the obstruction empties the bowel to some 
degree and remains contracted. The initial 
cause is mechanical] in nature and is usually 
actual blockage. Peristalsis above the 
block ceases early and the bowel becomes 
distended with hemorrhagic fecal fluid and 
gas which is poorly absorbed by the bowel 
wall. The gas is formed in great amount 
by the putrefaction of the stagnated in- 
testinal contents, none of which can pass 
The stag 
nant intestinal contents become charged 
with powerful toxic materia] the nature of 
which has been shown by Whipple (4:3) to 
be due to excessive breakdown of tissue 
protein, which causes absorption of a pro 
Experimentally, this 
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proteose isolated from obstructed loops of 
intestines, when injected into fasting dogs, 
produces profound symptoms of depres- 
sion, followed in cases in which doses were 
sub-lethal by recovery in from 24 to 48 
hours. Along with these symptoms, nitro- 
gen elimination by the urine was increased 
100 per cent. The inaugural shock is due 
to sudden production of obstruction, and 
at this stage the distended bowel is thinned. 
Later, the general depression as described 
is resultant of toxic absorption and at this 
time the bowel is congested and edematous, 
with bleeding occasionally from the mucous 
membrane, desquamation, and _ erosion. 
This permits bacterial invasion through the 
bowel wall into the peritoneal cavity, and 
sometimes actual perforation at sites of 


erosion. Peritonitis then is produced, 
with paralysis of the entire intestinal 
tract. 


Intestinal distention in any form pro- 
duces some degree of impairment of cir- 
culation in the intestinal wall. When 
actual strangulation occurs, it usually in- 
volves initially the venous, and then the 
arterial blood supply. Thus, in earlier 
stages of strangulation, the gut is of 
purplish hue, edematous and distended, 
with sero-sanguineous transudate in the 
bowel lumen and to a lesser extent in the 
peritoneal cavity. When arterial blockage 
supervenes, gangrene occurs. If there is 
immediate and absoute venous and arterial 
obstruction, gangrene is immediately pro- 
duced, with slight distention of the strangu- 
lated coil, which is greenish-black in color. 
Peritonitis then rapidly follows and _ per- 
foration is common. 

Normally, small intestinal gas is never 
visualized roentgenographically, for the 
small amount of air ingested with food and 
the minute amount of gas produced by 
fermentation and bacterial action are rapidly 
absorbed and propelled forward by peri- 
staltic action, which prevents any local 
accumulations. Inasmuch as it has been 


proven experimentally that retardation of 
the intestinal circulation is accompanied by 
gaseous dilatation of the bowel, it is rational 
to consider slow transit of intestinal con- 
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tents as conducive to stagnation, fermenta- 
tion, and gaseous formation, which in turn 
produce intestinal dilatation with retarda- 
tion of circulation and more gas formation. 
Thus, a vicious circle is established, and 
cause and effect cannot always be ac- 
curately determined. This theorization, 
however, does not adequately explain the 
modus operandi of the gaseous distention 
in cases of congenital atresia in newborn 
infants who have never taken food. Ac- 
cordingly, the rdle of the sympathetic 
nervous system control must be seriously 
evaluated, for in shock and in ureteral colic 
with concomitant shock there is slight dila- 
tation of the entire intestinal tract, par- 
ticularly the large bowel, which is a 
diagnostic differential point. The findings 
are explicable upon the basis of retarded 
circulation of the splanchnic vessels re- 
sultant of shock. This probably explains 
the intestinal distention noted in cases of 
visceral crisis of tabes dorsalis. 

The causes for acute intestinal obstruc- 
tion can be classified as follows: I—Outside 
the Intestines. (a) Strangulation by bands, 
adhesions, and through apertures, includ- 
ing internal and external hernie; (0) 
volvulus, which is a twisting of the loop of 
bowel upon its mesenteric axis; (c) para- 
lytic ileus, which is paralysis of the 
muscular walls of the intestine, and may 
follow any abdominal shock, vwz., ab- 
dominal operations and injuries, peritonitis, 
embolus or thrombosis of the mesenteric 
vessels, and, rarely, pneumonia; (d) pres- 
sure of tumors is rare. II—In the In- 
testinal Wall. (a) Intussusception (a 
common cause for obstruction in children) ; 
(b) tumors and strictures; (¢) idiopathic 
dilatation of the colon. III] Within the 
Lumen. (a) Impacted feces, gallstones 
and other foreign bodies. Any chronic 
obstruction may become acute, under 
suitable conditions. ‘The intensity of the 
changes and symptoms of acute intestinal 
obstruction depends upon (1) the site of 
Strangulation, being considerably more 
severe in the small than in the large 
intestine; (2) the length of bowel involved ; 
(3) the degree of vascular occlusion which 
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is directly related to the tightness of 
strangulation. 

Generalizations that are helpful are as 
follows: The male sex is especially prone 
to hernia and volvulus; the female sex, to 
pressure by tumors, obstruction due to 
gallstones and fecaliths; children, to intus- 
susception and congenital stricture and 
persons beyond 50 years of age, to malig- 
nant growths. 

Preliminary survey roentgenologic ex- 
amination of the acute abdomen was first 
advocated by Schwarz (33) in 1911, in 
Europe, and by Case (8) in this country, 
in 1915. It has been most unfortu- 
nate that roentgenologic examination of 
the acute abdomen, even in cases in 
which intestinal obstruction is strongly 
suspected, has been sadly neglected. This 
has probably been due to the unfamiliarity 
of the referring physician with the diag- 
nostic value of roentgen study, and in a 
great measure to the radiologist’s lack of 
confidence or ability to formulate a diag- 
nosis. Even at the risk of being dogmatic, 
one can state that practically every case of 
intestinal obstruction presents some diag- 
nostic feature which would enable an 
experienced, competent radiologist to arrive 
at a definite diagnosis. This statement is 
made unqualifiedly, for the customary 
lapse of time from onset of symptoms until 
hospitalization is such that roentgen signs 
are invariably present. In the vast 
majority of cases merely a_ preliminary 
scout roentgenogram of the abdomen would 
suffice to establish the presence, and often 
the site, of the intestinal obstruction. 

In the average normal individual, col 
lections of gas are observed only in the 
stomach (magendlase), and occasionally in 
the duodenal bulb, commonly in the 
colon, and rarely in the terminal ileum, 
except when enemas have caused retro 
pulsion of the colonic gas beyond the 
ileocecal valve. One can, therefore, infer 
a pathologic state in the presence of gas in 
the small intestinal tract, regardless of 
degree. This is the favorable time for 
prompt diagnosis, for one should never 
delay until dilatation of the proximal in 








testinal loops occurs, in so-termed ‘‘step- 
ladder” fashion, with manifestation of fluid 
levels. This too common practice will not 
aid in diminishing the terrific mortality 
rate; for, when the latter findings are 
present, the obstruction has been of con- 
siderable duration. The same emphasis 
should be placed on revision of roent- 
genologic criteria of intestinal obstruction 
as has been found imperative regarding 
clinical criteria. It should be a radiologic 
dictum that small intestinal gas of any 
degree, with or without associated signs of 
abdominal distention, is strong presump- 
tive evidence of intestinal obstruction. 
Fluid levels are noted much later in 
intestinal obstruction, produced by the 
intestinal contents assuming a dependent 
position, with overlying gas, occurring in 
various segments of the intestinal tract. 
This phenomenon is noted only in the erect 
or lateral positions. The above statements 
apply mainly to acute small intestinal 
obstruction, for in chronic or subacute 
partial obstruction, generally no abnormal 
gaseous collections are noted. A portable 
examination, while not most satisfactory, 
will suffice, if the patient's condition does 
not warrant moving him. If feasible, how- 
ever, the examinations should be made with 
the patient in the erect position, or at least 
in the recumbent posture, with an ad- 
ditional lateral projection. The use of the 
grid diaphragm is desirable but not in- 
dispensable. 

In the subacute or chronic type of in- 
testinal obstruction, it not only is permis- 
sible clinically but it is mandatory to 
supplement the examination with the ad- 
ministration of a barium meal, and study 
the transit of the opaque meal through the 
intestinal tract. The diagnosis in these 
cases is generally difficult and there is no 
immediate need for surgical intervention 

Usually, it is not difficult to distinguish 
between dilated small and large intestines. 
Characteristically, the central position of 
smaJ] intestinal loopings, having a herring 
bone appearance of the stretched valvulz 
conniventes, with a tendency for the loops 


transverse ‘“‘step-ladder’’ 


to assume a 
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pattern, is in contrast to the dilated large 
intestines which present pathognomonic 
haustrations, and are situated in the 
customary colonic peripheral position. 
One should not err in attempting to dis- 
tinguish large from small intestines by the 
relative size of lumina, for not infrequently 
small intestinal caliber will distend to a far 
greater degree than moderate dilatation of 
the colon. Since a fair percentage of adults 
above 40 years of age have colonic diver- 
ticulosis, observation of them will readily 
enable one to differentiate the colon. 
Fluid levels are noted earlier and are more 
numerous in small intestinal loopings, 
which fact is accounted for by increased 
secretion and diminished absorption of 
fluids from the gut proximal to the ob- 
structive site. A similar condition exists 
in paralytic ileus. 

A further refinement in roentgenologic 
diagnosis is the localization of the obstruc- 
tive site, and although not always possible, 
should nonetheless be attempted, for ac- 
curate localization enables the surgeon to 
choose the proper site for incision, thereby 
eliminating a general abdominal explora- 
tion. It should be borne in mind that 
dilatation of the bowel ensues in regular 
orderly fashion, from the most proximal 
portion of the large bowel, extending distal- 
ward toward the site of obstruction. This 
phenomenon is best observed in obstruction 
in the sigmoid colon region, where the first 
colonic dilatation is noted in the cecum, 
and then progressive distention of the 
colon toward the sigmoid. This is 
an extremely important consideration 
and explains a rather common error 
in diagnosis, which occurs as follows: 
when dilatation of the colon has just 
reached the splenic flexure at the time of 
roentgenographic exposure, one might 
readily consider this the obstructive site, 
whereas, actually, the progressive dilata- 
tion had as yet not reached the true 


obstructive site in the sigmoid colon. This 
phenomenon does not occur in similar 
manner in small intestinal obstruction, for 
almost immediately above the site of ob- 
struction, 


distention of the intestine is 
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noted. Relevant to large bowel obstruc- 
tion, there is no reasonable excuse for 
committing an error as to its site, for a 
supplementary opaque enema examination 
is always indicated in such a case regardless 
of inferred etiology. The barium clysma 
affords further important information con- 
cerning the etiology of the obstruction, and 
in certain instances may correct the con- 
dition, viz., spontaneous reduction of an 
intussusception is not at all uncommon 
during an opaque clyster examination. 
The accurate localization of small intestinal 
obstruction is more difficult, but if one 
remembers the average situation of the 
small intestinal groups, as so well de- 
scribed by Cole and his collaborators, the 
procedure will be greatly simplified. If 
the gas-dilated bowel is in the lower portion 
of the abdomen, one can assume that it is 
in the terminal ileum, whereas if in the 
upper abdomen, the obstruction is probably 
in the jejunum. It is a very difficult task 
to differentiate jejunum and ileum by their 
characteristic mucous membrane patterns, 
for while the jejunum presents more clearly 
outlined transverse striations produced by 
the valvule conniventes, compared to the 
smoother appearance of the jejunum, the 
appearance of the plice circulares is so 
distorted when distended, and normally 
the transition is so gradual, that this does 
not afford a reliable differential point. 
Occasionally, however, this appearance is 
so characteristically striking that an exact 
diagnosis can be readily made. 

Various estimates have been made re- 
garding the earliest time at which small 
intestinal gas can be visualized in cases of 
obstruction. In simple obstruction, the 
writer and others have observed gaseous 
collections within from four to five hours 
after the onset of symptoms. In colonic 
obstruction the elapse of time before 


definite distention signs are demonstrable 
is much longer and more variable. In 
strangulation obstruction, gaseous shadows 
are Observed still later, and the minimal 
bowel distention tends to remain localized 
to the strangulated site for a considerable 
length of time, with no further associated 
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dilatation of the proximal colon. Ter- 
minally, there is evidence of generalized 
peritonitis. Nonetheless, the criterion that 
the presence of small intestinal gas is 
always of pathologic import holds true; 
and fortunately in this entity, the small 
intestines are the site of predilection, where 
it can usually be readily diagnosed. In 
occlusion of the mesenteric vessels, gaseous 
distention occurs somewhat later than in 
simple obstruction, and aside from clinical 
signs of regional tenderness and evaluation 
of the common sites of strangulation which 
are most commonly external herniz, there 
is no roentgenologic differentiation of the 
two. Lack of localized distention with 
rather diffuse small intestinal dilatation 
suggests vascular occlusion. 

A question of rather vital importance 
arises: Can one correctly diagnose either 
intestinal obstruction or peritonitis roent- 
genologically, if an opiate such as morphine 
has been administered to the patient? 
This resolves itself into a discussion which 
is more theoretical than practical if one 
attempts to evaluate the various conflicting 
reports upon the action of opiates upon 
the small intestinal tract. To be sure, the 
burden of proof seems to favor the action 
of retardation of small intestinal activity, 
but even this has recently been seriously 
challenged. Of actual importance is the 
question as to whether or not the exhibition 
of an opiate hypodermically can produce 
abnormal presence of gas in the small 
intestines or even distention of the bowel. 
In the author’s experience this phe- 
nomenon has never been observed or 
proven satisfactorily by his colleagues. In 
the acute abdomen we are confronted with 
an urgent and serious issue, which requires 
swift deliberation, for delay jeopardizes 
the patient’s life in wellnigh geometrical 
progression. One should never delay, 
therefore, until the effects of an adminis- 
tered opiate disappear before culminating a 
diagnosis, for then the golden opportunity 
has forever passed. It is exceptional to 
find that an opiate has not been given 
prior to hospitalization, which fact (if one 
concurs in the belief that its effects might 
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simulate intestinal obstruction) would at 
once invalidate any conclusions drawn 
from an early roentgenologic examination. 
The incontrovertible fact remains, that 
the incidence of correct diagnosis by roent- 
genologic methods has been surprisingly 
high when employed with administration 
of an opiate. Actual experience attests 
to the fact that in many cases in which the 
diagnosis is withheld until the effects of 
the narcotic have worn off, and there is 
concomitant disappearance of signs of 
distention roentgenographically, one should 
not necessarily consider this as reliable 
evidence that the distention is due to the 
effects of the narcotic. Not infrequently, 
there is a recrudescence of symptoms 
(with establishment of pathognomonic 
criteria and confirmation by operation) of 
intestinal obstruction. This has recently 
been very much impressed upon the author 
by a short series of cases in which it oc- 
curred. The explanation of the above is 
simply that it is reasonable to assume that 
in a certain fair percentage of cases the 
obstruction spontaneously corrects itself, 
as has been observed roentgenoscopically 
in intussusception during an opaque enema 
examination. This spontaneous correc- 
tion, which is probably fairly frequent in 
volvulus and herniz, particularly of the 
Richter type, furnishes a fertile field for 
speculative reasoning. Further scientific 
study is necessary to decide incontestably 
as to the true nature of this sometimes 
confusing factor. 

With a little thought given to it, the 
diagnosis of mechanical ileus is essentially 
simple. With a history of intermittent 
colicky pain suggestive of obstruction to 
some hollow abdominal viscus, and roent- 
genographic demonstration of small in- 
testinal gas, one can then further dif- 
ferentiate between paralytic ileus and 
mechanical ileus, by means of abdominal 
auscultation. The presence of peristalsis 
indicates mechanical obstruction, and its 
absence, paralytic ileus. From the nature 
of the lesion, mechanical ileus should pre- 
sent no gas or fecal material in the distal 
portion of the bowel, and the rectum should 
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be collapsed, but such is- not a reliable 
roentgenographic finding. Due to the 
lack of peristalsis in paralytic ileus, the 
bowel becomes distended with gas. Usu- 
ally the large and small bowels are dilated 
and the rectum shows some degree of 
distention. 

In the acute abdomen more than in any 
other radiologic problem, the consultant 
radiologist’s diagnostic acumen, clinical 
ability, and judgment tempered with 
radiologic skill earn him an _ enviable 
position, for so frequently can he be of 
inestimable aid in deciding the proper 
therapeutic procedures. If radiologists as 
a group would always keep foremost in 
their minds the fact that they are con- 
sultants not only in the limited field of 
radiology as a specialty, but as regards 
medicine as a whole, they would not hesi- 
tate to employ all the methods of physical 
diagnosis in conjunction with what is 
merely a specialized method of physical 
diagnosis of internal examination, namely, 
roentgenology. It is incomprehensible why 
many radiologists will unhesitatingly in- 
spect or palpate an abdomen, as such a 
method of examination is commonly per- 
formed in routine gastro-intestinal examina- 
tions, but erroneously consider percussion 
and auscultation, temperature and blood 
pressure recordings, as transgressions be- 
yond the pale of radiology. We as radiolo- 
gists are constantly confronted with a 
problem that the surgeon presents for 
diagnosis: What is causing the post- 
operative abdominal distress and meteor- 
ism? Is it paralytic ileus or mechanical 
obstruction, and, if the latter, what are 
its approximate site and probable cause? 
Are there any further untoward complica- 
tions definable? These are typical prob- 
lems which must and can be answered 
with fair decisiveness by roentgenologic 
study, and it is the radiologist’s decision 
which often determines whether a secondary 
operation is necessary or contra-indicated. 
Thus, mechanical obstruction may be re- 
sultant of post-operative adhesions, and 
severance of the synechie affords prompt 
relief of symptoms; or again, in the 
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presence of paralytic ileus, further peri- 
toneal insult may terminate fatally. One 
must not forget, however, that in the late 
stage of obstructive ileus there is transi- 
tional terminal adynamic ileus, attributable 
in the main to superimposed peritonitis. 

It has long been rumored that the 
administration of barium by mouth, in 
the presence of intestinal obstruction 
(particularly of the acute type), is a danger- 
ous procedure and contra-indicated. This 
opinion is apparently based upon the as- 
sumption that perforation of the bowel is 
an omnipresent danger, and there is the 
additional possibility of transforming an 
incomplete into a complete obstruction by 
barium impaction. There is such a notable 
lack of evidence as to the former that it 
can almost be dismissed, but it must be 
stated in fairness that it is remotely pos- 
sible that such might occur if a barium 
meal were given when an unrecognized 
perforated peptic ulcer were present. The 
mortality has been no higher in conse- 
quence thereof, for diagnosis is always 
immediately established and an emergency 
operation performed. Conceding the point, 
for the sake of argument, that barium im- 
paction does occur in a small proportion of 
cases, what dangerous cataclysm has been 
precipitated? Since obstruction exists it 
should be rectified, and if total obstruction 
is produced, then immediate surgical inter- 
vention is all the more indicated, and un- 
mistakable clinical and roentgen findings 
are then manifest. Furthermore, barium 
ingestion should never be undertaken until 
a preliminary scout roentgenogram of the 
abdomen has been procured; and if rupture 
of a hollow abdominal viscus is present, it 
is readily noted by the presence of free 
gas beneath the diaphragmatic cupola. 
The use of umbrathor in lieu of barium 
sulphate will serve a similar purpose and 
cannot possibly cause an impaction. 

In every instance in which large bowel 
obstruction is suspected and occasionally 
when terminal ileal obstruction is sus- 
pected, a supplementary opaque enema 
examination should be made, if feasible, 
to determine or verify the site and possibly 


the cause of the obstruction. The terminal 
ileum is very frequently well visualized 
during a barium clyster examination by 
ileocecal regurgitation, and much valuable 
information can be obtained in this manner, 
regional ileitis being diagnosed, if present. 
It is not essential to employ the double 
contrast method of Fischer, for the ordi- 
nary method with an additional post-enema 
evacuation roentgenogram usually  af- 
fords sufficient information without the 
added discomfort to the patient, or remotely 
possible perforation due to over-distention 
with air. In the acute abdomen this very 
valuable method of Fischer has inherent 
disadvantages which seem to outweigh its 
potential advantages. The best technic 
consists of obtaining exposures under roent- 
genoscopic control, placing the patient in 
the best position for visualization of the 
intestines. Particularly in the sigmoid 
colon region, both left and right oblique 
projections are necessary. Rarely has 
combined oral and colonic barium ad- 
ministration been necessary, the one pro- 
cedure tending to obscure the outline of 
the other. 

Although intestinal obstruction can be 
differentiated from generalized peritonitis 
in a fair percentage of cases, this is of 
more academic than practical importance, 
for in practically all cases operative inter- 
vention is imperative. In some degree, 
however, the type of therapeutic procedure 
varies with the issue and a definite diagnosis 
might be of some additional value. There 
are well-defined criteria which afford an 
exact roentgenologic diagnosis of peri- 
tonitis, but the findings obviously vary 
depending upon the duration, extent, and 
type of infection present. In an average, 
moderately advanced, general peritonitis 
there is a moderate degree of both small and 
large intestinal dilatation which rarely 
approaches that noted in intestinal ob- 
struction. Due to serous exudative 
changes, a homogeneous shadow in the 
flanks is visible, and the normally discerni- 
ble sub-peritoneal adipose tissue lines, as 
well as the adipose tissue spaces between 
the transversalis and internal and external 
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oblique muscles, are hazy in outline or 
obliterated, due to inflammation and exuda- 
tion into the abdominal wall. This is noted 
approximately twelve hours after the onset 
of symptoms. Since this loss of outline 
is resultant of contiguous extension of in- 
fection and inflammatory edema, it follows 
that this sign is of value only in a positive 
sense, 7.e., When it is obliterated it gives 
definite evidence of peritoneal inflamma- 
tion. When it is visible it is of no diagnostic 
significance whatsoever. Since peritonitis 
eventually is causative of paralytic ileus, 
the finding of free peritoneal fluid is in- 
ferential evidence that the primary cause 
was peritonitis rather than uncomplicated 
intestinal obstruction. Localization of 
fluid, especially in the appendiceal region, 
is readily demonstrated by trans-abdomi- 
nal projections; that is, with the patient 
in the dorsal decubitus position, and the 
rays directed anteroposteriorly. If no 
associated effusion is evident, the coils of 
gut present well defined and closely ap- 
proximated walls, whereas concomitant 
exudation produces an impression upon 
the coils by pushing between the intestines. 
Added evidence of plastic exudative 
changes in peritonitis is the presence of 
dense bands between the dilated loops of 
gut, with associated thickening of the bowel 
wall and haustra in the colon. An under- 
exposed roentgenogram is sometimes useful 
in soft tissue differentiation and will well 
demonstrate a generalized haziness of 
outline of the viscera, with increased 
diffuse density. 

Partial intestinal obstruction presents no 
gas-dilated intestinal loops unless inter- 
mittently complete obstruction occurs. 
One may examine the patient at various 
times and totally different findings may be 
present; thus, during the partial obstruc- 
tive stage, the sole roentgen finding may 
.be retardation of transit of the barium 
‘meal through the affected region of bowel, 
whereas typical total obstructive signs may 
be demonstrated when precipitated. This 
makes serial examinations of one-hour 
intervals necessary. Attention must be 


directed to detection of malformed small 
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intestinal loops, for this might well be 
the diagnostic feature, as is noted in ef- 
fects from adhesions, tuberculous _peri- 
tonitis, incarceration of internal herniz, 


and regional ileitis. A diagnosis of func- 
tional spastic ileus should be cautiously 
made, for this is extremely rare and often 
the true nature of the lesion is proven to be 
of organic nature. 

A rather common syndrome is _ the 
presence of small intestinal distention, 
rather limited to the left abdomen, which, 
in the absence of prior surgical operation 
to suggest possible adhesions, is very likely 
to be appendicular disease or abscess caus- 
ing the obstruction. An additional opaque 
enema examination presents further diag- 
nostic features if appendiceal abscess is 
present. There is some displacement of 
the terminal ileum medially with narrow- 
ing of its lumen, deformity of the caput 
ceci and hypermotility of the cecum, 
irritability as shown by a tendency to shake 
off its contents, and lack of fixation of the 
cecum. A word of caution may not go 
amiss: an exact pathologic diagnosis can- 
not always be made and should not be 
demanded by the referring physician. 
Furthermore, such exact diagnosis is not 
always essential, the vital question being 
the decisive answer as to whether or not 
immediate operative intervention is indi- 
cated. Fecaliths and large biliary calculi 
have been noted roentgenographically as 
causes for intestinal obstruction, the latter 
having entered the bowel through a chole- 
cysto-enteral fistula. The site of obstruc- 
tion is commonly at the ileocecal valve. 
Other foreign bodies have been reported 
in the literature, but are so rare as etiologic 
factors of obstruction that they are merely 
mentioned for the sake of completeness; 
viz., ascariasis, metallic foreign bodies in 
the mentally deranged, coalescence of grass- 
hoppers which are eaten in the Belgian 
Congo, etc. 

Occasionally a gall-bladder shadow can 
be visualized with or without calculi; 
but even when not discernible it aids in 
the sense of negativity. Cholecystography, 
even when employing the intravenous 
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method, is rarely indicated on account of 
the urgency of the symptoms in acute 
cholecystitis and gangrene, or empyema 
of the gall bladder. Curiously, when such 
has been performed very frequently the 
functional test approaches normalcy, in 
spite of marked involvement of the gall- 
bladder walls. 

Colonic obstruction may be due to sud- 
den occlusion of an insidiously encroaching 
pericolonic infection, commonly secondary 
to diverticulitis, in the nature of frank 
abscess or granulation tissue formation. 
The surgeon is often unable to distinguish 
macroscopically between an inflammatory 
and a malignant lesion, for not infrequently 
neoplastic tissue becomes secondarily in- 
fected to complicate matters. Fortunately, 
this differentiation can be made in the vast 
majority of cases by roentgenologic study, 
for in the presence of colonic diverticulosis, 
with no loss of the relief pattern of the 
mucous membrane at the suspicious site of 
narrowing or obstruction, and with associ- 
ated regional tenderness, a diagnosis of 
benignity is justifiable and usually correct ; 
however, exploration is nonetheless indi- 
cated. In the author’s experience, com- 
plete obstruction rather than gaping 
canalization permitting passage of fluids is 
strongly suggestive of a benign lesion. 
Rarely, a ruptured diverticulum can be 
demonstrated by the opaque enema, as a 
small barium-filled fistulous tract through 
the colonic wall or into the pericolonic 
structure. This walled-off inflammatory 
tissue is most commonly found in the 
sigmoid colon. 

Excretory urography is indicated in 
suspected ruptured kidney or bladder, for 
extravasation of the dye-laden urine into 
the perirenal structures or through the 
vesical wall can be well demonstrated. 
Incidentally, the same roentgenogram may 
demonstrate concomitant fractures of ribs, 
spine, or pelvis. Definite roentgen signs 
of acute calculous obstruction of the ureter 
are noted, with or without visualization of 
the urinary calculus, for an increased 
density of the renal shadow associated with 
delay in excretory function of the involved 
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side is strongly suggestive and almost 
pathognomonic of this condition. 
Perforation of a hollow abdominal viscus 
is readily diagnosed by the finding of free 
peritoneal gas beneath the diaphragmatic 


cupola. If this possibility is questioned 
post-operatively, one must not lose sight 
of the fact that from 24 to 48 hours are 
required for absorption of the air included 
in the peritoneal cavity when a laparotomy 
has been performed. Fluid levels are 
usually late findings and indicative of sub- 
diaphragmatic abscess formation, for very 
generally gravitation of gastric chyme and 
gas does not occur in sufficient amount to 
present this phenomenon when a peptic 
ulcer ruptures. A hepatic abscess can be 
differentiated by its position in the anterior 
and lateral projections within the hepatic 
tissue. Fixation and elevation of the right 
diaphragm are fairly early findings in 
sub-diaphragmatic abscess formation. 
Fluid in the lesser omental bursa can be 
demonstrated by displacement signs with 
administration of a barium meal, which is 
generally associated with a penetrating 
ulcer in the contiguous region; viz., the 
posterior wall of the stomach. Caution 
must be taken not to cause undue pressure 
upon palpation of the penetrating ulcer 
which might result in a further rupture. 

A supplementary examination of the 
chest, even if only roentgenoscopy, cannot 
be too strongly emphasized, in any atypical 
form of suspected abdominal catastrophe, 
for lobar pneumonia and diaphragmatic 
pleuritis can closely simulate appendicitis. 
This is more common in children, in whom 
physical signs are more difficult to elicit; 
but fortunately, pneumonic infiltration or 
restriction and elevation of diaphragm in 
pleuritis is amenable to roentgenologic 
demonstration very early. 
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CLEIDOCRANIAL DYSOSTOSIS (MUTATIONAL DYSOSTOSIS) 





WiTH A CASE REPORT 


By BARTON A. RHINEHART, A.B., M.D., 


Associate Professor of Roentgenology, Little Rock, Arkansas 


From the University of Arkansas School of Medicine 


dition wherein single or multiple ab- 

normalities of osseous development 
occur spontaneously or from inheritance. 
It is so named because all the patients in 
whom it has been found have had defects 
of the clavicles and most of them have had 
skull deformities. An excellent review of 
the condition up to 1929 was given by 
Fitchet (1). Other references are listed 
in the bibliography. 

The following abnormal conditions have 
been reported: 

Skull and Head.—In cases with skull and 
bone defects, radiographs of the skull may 
show large areas not ossified, failure of 
fusion at the fontanelles and sutures, and 
the presence of multiple wormian bones. 
The patency of the fontanelles may be 
permanent. Metopic sutures are com- 
mon. Failure of ossification along the 
sagittal suture may occur. There may be 
openings at the bregma and asterion. One 
defect of the right orbital ridge has been 
reported. The occipital foramen may be 
tilted forward and be higher than normal 
because of deformed sphenoidal and facial 
bones. The bones of the base of the skull 
and face are small with small nasal acces- 
sory sinuses. The jaws are often progna- 
thous. There may be an absence of the 
nasal and lachrymal bones. The decidu- 
ous teeth persist longer than normal—up to 
12 years—and there is delayed eruption 
of the permanent teeth which may have 
faulty implantation and enamel defects. 
There may be an absence of some of the 
permanent teeth, particularly the canines, 
or development of supernumerary teeth. 

Shoulder Girdle.—Defective formation of 
one or both clavicles is the most common 
finding from roentgen examinations. Ina 
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few cases the clavicular defects are the 
only abnormalities found. A variety of 
changes in the clavicles, from a simple 
transverse defect of the middle third, 
sometimes mistaken for an ununited frac- 
ture, to complete absence of both clavicles, 
have been reported. In the majority of 
cases the defects are found at the sternal 
ends, but examples in which the acromial 
ends have been missing have been illus- 
trated. A thin fibrous section, from a 
failure of union of the medial and outer 
halves, may exist in the shaft. In these 
cases the opposing ends are rounded and 
generally overlap. The acromial processes 
may show abnormalities with absence of 
the articular surfaces at the acromio- 
clavicular joints. Absence of the supra- 
spinous fossa of the scapula may occur, 
in which case the root of the spine forms 
the upper border of the scapula. 

Arms and Forearms.—Partial or com- 
plete absence of the radius has been re- 
ported. The styloid processes of the ra- 
dius and the ulna may be at the same 
level, whereas normally the radius is 
longer. 

Hands.—Roentgenograms of the hands 
show multiple deformities which are char- 
acteristic of the condition. The distal 
phalanges are without their ungual ex- 
pansions; they are short and conical in 
shape. The middle phalanges are much 
shorter than normal and their lateral 
borders are concave, almost resulting in a 
dumb-bell shape. The proximal phalanges 
are expanded in their proximal halves, and 
there is some narrowing of the shafts with 
increased density of the middle and distal 
thirds. The metacarpal bones are ex- 
panded at their extremities and narrowed 
in the middle thirds, with some increase in 



















Fig. 1. Roentgenogram of the lateral skull. 
Note anterior fontanelle, wormian bones, sella 
turcica, absence of mastoid, dental development, 
and small maxilla. 


the compact tissue at this level. Epiphy- 
ses frequently are seen at both ends of the 
basal phalanges and metacarpal bones. 
One case of elongation of the second 
metacarpal bone has been reported. 
Spine.—Several abnormalities in the 
development of the spine have been re- 
ported. Kyphosis, lordosis, and scoliosis 
may occur. Spina bifida has existed. 
Cervical ribs are common. One patient 
with an extreme scoliosis showed bifed 
bodies of the seventh to eleventh thoracic 
vertebre and defective lamine in the 
fourth and fifth lumbar and all the sacral 


segments. 
Pelvis.—The pelvic bones frequently 
are abnormal in development. Before 


puberty the pelvic canal is narrowed and 
the joint spaces are considerably widened, 
including the spaces between the ischium, 
iium, and pubis at each acetabulum. 
After puberty the pelvic joint spaces are 
narrowed and irregular in outline, the 
mature pelvis having the broad, squat 
appearance associated with malformed, 
defective joints. The pubic bone may be 
missing. In two sisters with cleidocranial 
dysostosis, there were defective laminz of 
the first sacral segment. 

Thighs and Legs.—WDisorganization of 
ossification of the neck of the femur which 
may result in coxa vara occasionally is 
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Fig. 2. Roentgenogram, showing the postero- 
anterior view of the skull. Note the anterior 
fontanelle, wormian bones, derital development, 
and small facial bones. 


found. Genu valgum is noted in many 
cases. Partial or complete fibular absence 
has been reported. In general, the long 
bones of the arms, forearms, thighs, and 
legs, as well as the ribs, are least affected. 

Feet.—The phalanges and metatarsal 
bones of the feet show the same typical 
changes as the phalanges and metacarpal 
bones of the hands. One case each of a 
double metatarsal bone and a_ super- 
numerary toe have been reported. Poof 
development of the astragalus and cal- 
caneus is frequent. The astragalar neck is 
very thin, and the calcaneus is shortened. 

Clinical Observations.—The skull usually 
is brachycephalic, with an increase in the 
lateral diameter. The frontal, parietal, 
and occipital bosses often are unusually 
prominent. The patent sutures and fon- 
tanelles are palpable, and depressions can 
be felt after these unite. The bridge of 
the nose may be sunken. The palate may 
be high or cleft. The prognathism of the 
jaw and the faulty dentition are prominent 
findings. 

If defects in the clavicles occur, there is 
an unusual mobility of the shoulders. 
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When the clavicles are completely missing, 
the shoulders can touch each other an- 
teriorly, as in the case illustrated by Pills- 


ever, there is mental deficiency or a definite 
psychosis. A few defects of the soft tissues 
have been reported. One case each of 





Fig. 3. Roentgenogram of the shoulders. Note normal clavicles, acromial de- 
fects, absence of coracoid processes, and failure of union in the cervical vertebrz. 


bury (2). In one patient there was pres- 
sure of the outer fragment of the clavicle 
upon the branchial plexus, with pain which 
was relieved by removal of the fragment. 
No pain usually results from the dysostoses. 

As noted above, although a straight 
spine is the rule, there may be gross visible 
deformities. 

Deformities of the feet described as 
talipes cavus and calcaneocavus, resulting 
from posterior displacement of the line of 
weight-bearing, have been described. 

The basal metabolic rate is variously 
reported as normal, minus 15 per cent, and 
plus 37 per cent. 

In all reported cases, blood calcium and 
phosphorus concentrations have been 
found to be normal. 

As a rule, patients with cleidocranial 
dysostoses suffer no pain nor disability 
from the osseous defects. The mental 
ability usually is good, and the stature is 
not necessarily decreased. Often the con- 
dition is unsuspected. Occasionally, how- 





inguinal hernia and prolapse of the uterus 
in a virgin have been found. Muscular 
deformities have been described. 

About the only condition that can be 
confused with cleidocranial dysostosis is 
delaved rickets. In the latter condition 
prominent cranial bosses, delayed closure 
of the sutures and fontanelles, and poor 
dentition are present. However, the 
changes in the clavicles, metacarpal, and 
metatarsal bones which occur in dysostosis 
are not present. 

The cause of cleidocranial dysostosis 
seems to be mutational. The mutation 
appears spontaneously, and the characters 
may be transmitted to the second and 
third generations. Many family histories 
have been compiled showing the hereditary 
transmission. The characters are not 
dominant and are lost in two or three 
generations by cross-breeding. Although 
most observers have stressed the deformi- 
ties of the clavicles, the mutation may 
cause changes in any bone of the body. 
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Fig. 4. Roentgenogram of the hands. 


The following case report of cleidocranial 
dysostosis in a ten-year-old boy is pre- 
sented because: 

(1) The condition is rare but liable to 
be encountered at any time; 

(2) This patient has nearly all of the 
lesions described in the literature ; 

(3) Studies have been made from the 
clinical laboratory viewpoint to determine, 
if possible, whether abnormal hematologic 
conditions, etc., exist; 

(4) The clavicles apparently are nor- 
mal, indicating that possibly the defects 
of these bones have been overstressed. 

The patient, W. E., is a white boy, aged 
10 years, of Nordic parents. On Jan. 10, 
1936, because of a complaint of headaches, 
he was brought to the Isaac Folsom Clinic, 
University of Arkansas School of Medicine, 
by a school nurse. At the Clinic he re- 
ceived a thorough physical examination in 
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Note carpal development, double metacarpal epiphyses, and 
abortive epiphyses at the distal ends of the phalanges. 


the Department of General Medicine, and 
was referred to the Department of Pedia- 
trics where he was further examined by 
Dr. I. J. Spitzberg. Then he was sent to 
the Department of Roentgenology, with a 
tentative diagnosis of rickets, congenital 
syphilis, or congenital dislocation of the 
right hip, for roentgenographic examina- 
tions of the pelvis, right hip joint, and skull. 
Because the roentgen findings indicated a 
diagnosis of congenital dysostoses, the 
entire skeleton and lungs were roentgeno- 
graphed. At the same time an exhaustive 
laboratory examination was conducted. 
Unfortunately, because of the onset of 
fever from an acute bronchitis which has 
not subsided, the basal metabolic rate 
could not be determined. 

Family History.—Nothing is known of 
either the paternal or maternal great grand- 
parents. The paternal grandfather died 
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Roentgenogram of the pelvis and hips. 
Note absence of right pubis, defective left pubis, 
coxa vara of the right hip, and poor union of the 
sacral segments. 


Fig. 5. 


at the age of 48 from a paralysis of the 
tongue and throat muscles. The maternal 
grandfather died at the age of 40 froma 
respiratory infection. This man was said 
to have had a bone disease and a short leg 
resulting from an operation. The paternal 
grandmother, aged 52 years, and the 
maternal grandmother, aged 48 years, are 
living and apparently are in good health. 
The patient’s parents are living and are 
considered healthy. Neither parent has 
evidence of clavicular, cranial, or dental 
deformities. The mother is 27 years of 
age; the father is 32. The father’s occu- 
pation has been farming. The mother has 
had two miscarriages and has borne five 
living children, three of whom are healthy. 
A sister of the patient, aged nine years, 
has a partial spastic paralysis and is an 
idiot. From a roentgenographic examina- 
tion, her bony development is shown to be 
normal. The family income always has 
been very small. 

Past History.—This was obtained from 
the records of the Isaac Folsom Clinic and 
records that W. E. was born at full term 
and weighed eight pounds at birth. The 
delivery was normal. He was bottle-fed 
from birth. The first tooth appeared in 
six months. He talked at 13 months, but 
did not walk for 18 months. Past illnesses 
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The 








Note 


Roentgenogram of the foot. 
retarded tarsal devolopment and double meta- 
tarsal epiphyses. 


Fig. 6. 


have been rubeola, mumps, varicella, pneu- 
monia, and malaria. There have been no 
other serious illnesses, accidents, nor opera- 
tions. Although in school he has not 
progressed past the second grade, the boy 
seems to be mentally alert. There have 
been inadequate opportunities for school 
attendance. His school grades are below 
the average. 

Present Illness.—Except that she is 
aware of the limp and the poor dental 
development, the mother has not realized 
that the patient is deformed. She knew 
nothing of the headaches which caused the 
chief complaint. During the last two 
years, W. E. occasionally has complained 
of pains in the knees, the attacks lasting 
from an hour to a day or so. His strength 
seems to be less than normal. There is no 
history of night cries. 

Physical Examination.—The patient is a 
white child, appearing to be approximately 
eight years of age. His temperature is 
98.6° Fahrenheit; pulse, 90; respiration, 
22; height, 46 inches, and weight, 50 
pounds. He walks with a decided limp 
of the right inferior extremity. There is 
a skin eruption over the lower back, but- 
tocks, and the posterior aspect of the 
thighs which was diagnosed as scabies. 
mucous membranes are normal in 
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appearance. The skull is box-like in shape 
with prominent frontal and parietal bosses. 
The transverse diameter is increased and 
the supero-inferior diameter is diminished. 
Depressions along the sutures can be pal- 
pated. The anterior fontanelle is very 
large, not bulging, but firm to pressure. 
The fontanelle extends anteriorly to a 
point midway between the parietal and 
nasal bones. A metopic suture can be 
felt. The eyes are negative except for 
photophobia. The mastoid processes are 
missing. The facial bones are small. The 
mandible is small. The teeth are irregu- 
lar, carious, and dirty; the cutting edges 
are smooth. The neck, shoulders, thorax, 
lungs, heart, abdomen, spine, pelvis, geni- 
talia, and upper extremities are negative 
to physical examination. The right thigh 
is about one and one-half inches shorter 
and smaller in circumference than the left. 
Abduction of the right thigh is limited, 
and adduction is increased over normal. 
The reflexes are normal. The right foot 
shows a second degree pes planus and is 
rotated Jaterally 30 to 45 degrees. 

It will be noted from this examination 
that there is no clinical evidence of de- 
formities of the clavicles or pubic bones. 
Although the roentgen films show defec- 
tive development, definite pubic structures 
can be felt. 

Laboratory Findings 
Pirnique).—The_ erythrocyte 
5,600,000 per cubic centimeter. The hemo- 
globin (Sahli) was 75 per cent, and 
the color index was 1.04. There were no 
erythroblasts, normoblasts, microcytes, 
macrocytes, megaloblasts, polychromato- 
philia, central pallor, nor poikilocytosis. 
There was no sign of erythropoieses. 
Slight anisocytosis was present. Baso- 
philic degeneration was absent. The 
white cells numbered 10,300 per cubic centi- 
meter and were differentiated as follows 
(Schilling): Myelocytes, none; juveniles, 
0.5; staff cells, 8.5; adult neutrophiles, 26; 
total neutrophiles, 35; eosinophiles, 3; 
basophiles, none; lymphocytes, 56.5; 
The 
basophiles, 


(by Dr. A. F. 
count was 


monocytes, 5, and plasma cells, 0.5. 
Arneth modification showed: 
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none; eosinophiles with one segment, 0.5: 
eosinophiles with two segments, 2.5; myelo- 
cytes, none; juveniles, 1.5; staff cells, 8.5; 
neutrophiles with two segments, 17.5; 
neutrophiles with three segments, 8.5; 
large lymphocytes, 39; small lympho- 
cytes, 17.5; plasma cells, 0.5; monocytes 
with one lobule, 1; and monocytes with 
two lobules, 4. 

Résumé.—Double segmented neutrophiles 
greater than triple (normally the reverse is 
true),and a greater number of large lympho- 
cytes than small. There was a complete ab- 
sence of blood platelets. The fragility 
test showed a hemolysis beginning at 0.46 
per cent sodium chloride solution and 
almost complete at (0.28 per cent. The 
blood sedimentation index (Cutler method) 
was 20.5 in 60 minutes with a vertical 
curve. The blood Wassermann was nega- 
tive. A blood calcium determination gave 
12 milligrams per hundred -mils. 

Examination of the urine was essentially 
negative. The specific gravity was 1.012. 
Bence-Jones protein was absent. Con- 
siderable mucus was present. 

Roentgen Examinations.'—Roentgeno- 
grams were made of this patient’s entire 
skeleton. 

Head.—The parietal and occipital bones 
are thickened to more than twice the 
normal. The lambdoid, sagittal, and 
squamous sutures contain a large number 
of wormian bones. A metopic suture is 
present. The anterior fontanelle is large 
and the frontal bones are thinned on both 
sides. The sella turcica is divided by a 
nodule on the dorsal surface of the body 
of the sphenoid into shallow anterior and 
posterior fossze. (A sella of the same type 
is present in a five-weeks-old colored baby 
who has melorheostosis in both inferior 
extremities.) The mandible is unusually 
small. Of the permanent teeth, only the 
first molars and the lower central incisors 
are erupted. The mastoids are not de- 
veloped. All the facial bones are small, 
and no shadows of nasal accessory sinuses 
can be seen. 
1The films were taken by Miss Ila Wright, R.N., 
technician. 
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Spine.—Many of the dorsal arches of 
the vertebre are not united. Normally 
these arches unite in from one to seven 
years. The costal elements of the lateral 
masses of the sacrum are not united to the 
bodies. All the vertebral bodies are granu- 
lar in appearance. In some of them the 
structure appears to be cystic. The spine 
is straight and has the normal thoracic and 
lumbar curves. 

Shoulders.—Both clavicles are normal in 
length, and there are no transverse defects. 
Although they normally appear at the age 
of two, the coracoid processes cannot be 
seen on the films. The left acromion 
shows a transverse defect near its base. 
The right acromion has five small frag- 
ments at its tip. These are not epiphyses, 
for the acromial epiphyses do not appear 
until the age of 15. The glenoid processes 
and the epiphyses of the upper ends of the 
humeri show roughened outlines. 

Pelvis and Hips.—There is no shadow 
of the right pubis. The left pubis shows 
a transverse defect through the superior 
ramus but no ossification of the body nor 
the inferior ramus. Normally the pubic 
bones are ossified at an early age. The 
acetabuli are retarded in development. 
The left one seems to be developed to an 
extent usually present in children of seven 
to eight years of age; the right shows the 
pubic element to be missing. The right 
femur shows a coxa vara. The head of the 
right femur is considerably smaller than 
the left. 

Hands.—The development of the carpal 
bones is about equal to that in a normal 
child of four years of age. The metacarpal 
bones have epiphyses at both ends. The 
first and second phalanges show abortive 
epiphyses at the distal ends. The diaphy- 
ses of the middle phalanges of the right 
first, second, and fifth digits are broadened 
and cystic or contain enchondromas. The 
same condition is present in the middle 
phalanges of the left second and fifth 
digits. 

Lower E-xtremities.—The mid-portions of 
the femoral and tibial shafts are unusually 
hatrow in proportion to the ends and 





whether this be due to thinning of the 
shafts or broadening of the ends cannot be 
determined. Although faint growth lines 
are present, there is neither curvature nor 
periosteal change of any of the long bones. 
The knees, including the patella, resemble 
those of a child of seven. The superior 
tibial epiphyses are flattened anteriorly. 

Feet.—Except that in this patient the 
outlines are very irregular, the develop- 
ment of the tarsus is approximately that 
of a child of three and one-half years of age. 
The calcanei are shortened. The astragali 
are shortened and egg-shaped with the 
smaller ends posteriorly. The metatarsal 
bones, like the metacarpal bones, have 
epiphyses at both ends. The second pha- 
langes of the great toes are either poly- 
cystic or contain enchondromas. 

(The normal development of bones was 
ascertained from a chart prepared by Camp 
and Cilley of the Mayo Clinic, and from 
Cohn, Annals of Roentgenology, Vol. 4, 
Paul B. Hoeber, Inc., New York, 1924.) 


SUMMARY 


Roentgenograms of this patient’s skele- 
tal structures show nearly all of the re- 
ported dysostoses except changes in the 
clavicles. In addition, deformity of the 
sella turcica is present. The clinical labo- 
ratory findings disclose a number of blood 
dyscrasias, including low erythrocyte count, 
unbalanced white cell ratio, and an ab- 
sence of blood platelets. The blood cal- 
cium is slightly elevated. 


DISCUSSION 


This is a case of multiple congenital 
dysostoses which apparently is spontaneous 
since there is no definite evidence of inheri- 
tance. Therefore we may consider it to 
be a result of mutation. The older theory 
that cleidocranial dysostosis is caused by 
amniotic adhesions was proposed before 
the mutational theory of evolution was 
formulated. However, at no time could 
it be said that intra-uterine or postnatal 
conditions could be the cause of double 
metacarpal epiphyses or transmission to 
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offspring. Fitchet’s summary gives a 
number of family histories showing the 
hereditary transmission. 

The case reported in this article un- 
doubtedly falls into the classification of 
cleidocranial dysostosis, but differs from 
the standard description and the inter- 
pretation of the name because of the 
absence of defects of the clavicles. In 
the past there has been some dissatisfac- 
tion with the name “‘cleidocranial dysos- 
toses."” That term certainly does not fit 
in the present instance. Yet the condi- 
tion is the same as if W. E. had no clavi- 
cles. Formerly the differential diagnosis 
depended upon the condition of the clavi- 
cles; therefore, it seems that a more com- 
prehensive designation to include all dysos- 
toses of mutational origin should be 
evolved. Zodlogists refer to mutations as 
such and append descriptive adjectives 
and nouns, such as ‘‘a mutational white 
eye’ or ‘‘a mutational short wing.”’ Such 
a plan would be adaptable to mutational 
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dysostoses in human beings and would be 
more logical than the inference that the 
clavicles must be deformed. Therefore, it 
is suggested that the diagnosis be changed 
from ‘‘cleidocranial dysostosis’’ to muta- 
tional dysostosis. Such a name can be 
modified to suit conditions, 1.e., “simple 
mutational dysostosis of the clavicles’’ or 
“multiple mutational dysostoses,” ete, 
The proposed name would include any 
and all osseous changes that might be 
discovered. 


701 Main St. 
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RADIATION FROM AN OIL-IMMERSED THERAPY TUBE 





By MARVIN M. D. WILLIAMS, Peiping, China 
From the Department of Radiology of the Peiping Union Medical College 


= HE intensity of the radiation from a 
therapy tube immersed in a large tank 
of oil was found to decrease as the size 

of the diaphragm opening in the filter 

holder was decreased. The smallest dia- 
phragm used was large enough to allow all 
the direct radiation from the target to 
reach the ionization chamber. Because 
this decrease in intensity seemed too great 
to be ascribed only to the absorption of 
radiation originating from parts of the tube 
other than the target, it seemed that an ex- 


cate that part of the decrease in intensity 
caused by the use of small diaphragms was 
due to the absorption of radiation which 
had been scattered by the oil; also, the 
quality of the radiation became harder as 
the size of the diaphragm was reduced. 


APPARATUS 


The high voltage rectifier was a two- 
valve, voltage-doubling system with con- 
densers, designed to deliver 15 milliam- 
peres at 200 kv. (constant) potential. It 
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Fig. 1. Cross-sectional diagrams of tube tank. The broken lines indicate the 





region from which scattered radiation can reach the ionization chamber when no 
diaphragm is used, and the dotted lines indicate the region from which scattered 
radiation can reach the ionization chamber when the 2 X 2 inch diaphragm is 





used. 


planation might be that some of the radia- 
tion which passed through the larger dia- 
phragms was scattered by the oil surround- 
ing the tube. A diaphragm with a smaller 
opening would absorb part of the scattered 
radiation and thereby reduce the intensity 
of the radiation reaching the ionization 
chamber. The results reported here indi- 
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was operated with 8 milliamperes at LSO ky. 
supplied to the x-ray tube. The only con- 
trol of the potential supplied to the primary 
of the high tension transformer was by 
means of an autotransformer. 

The power supply, from a 220 volt, o0 
cycle Jine, was very unsteady. All ioniza- 
tion measurements reported here were 
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made during a two-hour period in the 
mornings, during which time the line volt- 
age seldom fluctuated more than 5 volts 
during a five-minute interval. At the end 
of the first hour of this period, a change of 
generators was made at the power plant. 
Ionization measurements made during the 
second bour averaged from 1 to 2 per cent 
higher than similar measurements made 
during the first hour. This increase in ra- 
diation quantity was probably due to a 
higher frequency and a more steady line 
voltage. 

The x-ray tube was immersed in oil in a 
lead-lined tank (Fig. 1). An inverted 
trough below the tube reduced the amount 
of oil acting as a filter to a minimum thick- 
ness of 56 millimeters. A movable lead 
shield, with a 6 X 6 inch opening, over the 
bottom of the trough served to define the 
limits of the beam of radiation emerging 
from the tank, and allowed the angle at 
which the beam left the tank to be varied 
through an arc of 80°. The top of this 
trough was made of copper 0.25 mm. thick, 
and the sides of copper 1 3 mm. thick. Im- 
mediately below the opening in the mov- 
able lead shield was a space for diaphragms 
and filters. A constant reading ionization 
chamber, containing 2 mm. of aluminium, 
was mounted to the movable shield just be- 
low the space for additional filters. The 
oil in the tank was pumped through a radia- 
tor for cooling, its temperature gradually 
rising to between 55 and 60° C. when the 
tube was in continual operation for two 
hours or more. 

The diaphragms were made from lead 4 
mm. thick, one set having square holes cut 
out from their centers. The length of the 
sides of these holes in the different dia- 
phragms was 2, 3, 4, and 5 inches. The 
smallest of these diaphragms, with a 2 K 2 
inch hole, allowed all of the direct radiation 
from the target of the tube to reach the 
ionization chamber, but shielded the ioni- 
zation chamber from most of the radiation 
scattered by the oil (Fig. 1). 

A second type of diaphragm (lead-cen- 
tered diaphragm) consisted of a piece of 
lead 2 X 2 inches square attached to the 
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center of a piece of thin cardboard which 
fitted into the filter holder. This diaphragm 
shielded the ionization chamber from all of 
the direct radiation from the target of the 
tube but allowed radiation scattered by the 
oil to reach the ionization chamber. 

A third type of diaphragm was made of 
lead with a slot 2 inches wide cut out from 
the middle of one side and extending in 2 
inches from the edge. This diaphragm 
shielded the ionization chamber from all of 
the direct radiation from the target and 
allowed the radiation scattered from only 
one side of the tube to reach the ionization 
chamber. This diaphragm could be in- 
serted with the slot on any one of the four 
sides of the filter holder, so that the radia- 
tion scattered by the oil on either side or 
on either end of the tube could be meas- 
ured. 

All intensity measurements were made 
with a Fricke-Glasser X-ray Dosimeter. 
The data for the isodose curves were ob- 
tained from a rice phantom; the method of 
obtaining data for these curves has been 
described in a previous paper (2). 

When the small diaphragms were used 
the position of the ionization chamber was 
checked with a fluorescent screen to make 
sure that the chamber was in the center of 
the beam of radiation. 


RESULTS 


Because of the unsteady power supply, 
there was considerable variation in the in- 
tensity of the radiation emitted from the 
tube. This made it necessary to repeat all 
measurements several times. In the daily 
two-hour period during which measure- 
ments were made it was possible to obtain 
one series of readings; in each series one 
factor, such as filter thickness, was varied. 
The order in which filters were used or 
other conditions were varied was reversed 
on each successive day in order that data 
would be obtained for all conditions both 
before and after the change in power sup- 
ply, which occurred at the end of the first 
hour. The results obtained from two sets 
of ten such series differed from each other 
by less than 2 per cent. Most of the results 
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reported here are the average of twenty or per cent for a filter of 2.0 mm. Cu. This 


more such series and none is based on less 
than ten series. 


decrease in the ratio as the filter is in- 
creased indicates that the radiation re- 
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Fig. 2. 


Curves showing the variation in intensity of the 


radiation with area of the diaphragm. The intensity of the 
radiation for the 2 X 2 inch diaphragm (4 square inches) is 


taken as 100 per cent. 


Because there was a slight increase in 
the output of radiation during the first 
five minutes the tube was in operation, no 
readings were taken until the tube had been 
in operation for at least ten minutes. 

Two different x-ray tubes were in use 
during the period of time in which the data 
were obtained. The first tube, which had 
been in use about 1,400 hours when these 
measurements were begun and which had a 
badly warped target, had an output of ra- 
diation of 2.5 per cent less than the second 
tube. The quality of the radiation from 
the two tubes was not measurably differ- 
ent. 

Effect of Size of Diaphragm.—The per- 
centage variation in the intensity of radia- 
tion with change of area of diaphragm 
opening is shown in Figure 2. The three 
curves represent the variation with differ- 
ent filters. The measurements were made 
with the ionization chamber 50 cm. from 
the target of the tube. For all filtrations 
used, the intensity of the radiation passing 
through the 6 X 6 inch diaphragm (36 
square inches) was much greater than that 
passing through the 2 X 2 inch diaphragm 
(4 square inches). The ratio of the inten- 
sity for the two diaphragms decreases as 
the filtration increases, decreasing from 145 
per cent for a filter of 0.25 mm. Cu! to 135 


1TIn stating the values of filters, the constant thick- 
ness of oil in the tube tank and the constant thickness 


moved from the beam by the small dia- 
phragm is of softer quality (longer wave 
lengths) than the direct radiation which 
passes through the smal] diaphragm, since 
the rate of absorption of radiation by 
a filter decreases as the wave length de- 
creases. If the radiation absorbed by the 
small diaphragm has been scattered by the 
oil, it should be of longer wave length than 
the direct radiation, because, according to 
the Compton Effect, the wave length of 
radiation is increased by scattering. 

When the 2 X 2 inch lead-centered dia- 
phragm was used, the intensity of the ra- 
diation measured was equal, within the ex- 
perimental error, to the difference in in- 
tensity measured with the 2 X 2 inch and 
the 6 X 6 inch diaphragms. When the 
lead-centered diaphragm was used, the 
only radiation which reached the ioniza- 
tion chamber was that scattered by the oil 
and that coming from the stem of the tar- 
get; this was verified by pin-hole pictures 
taken with the pin-hole placed at the ends 
of the ionization chamber. 

The difference in the intensity and qual- 
ity of the direct radiation (2 X 2 inch dia- 
phragm), the scattered radiation (lead- 
centered diaphragm), and the combination 
of aluminium (2 mm.) in the constant reading ioniza- 
tion chamber are omitted for the sake of brevity. 
The stated value of the copper filter always includes 


the 0.25 mm. of copper which forms the top of the 
inverted trough in the tube tank. 
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of the two (6 X 6 inch diaphragm) is shown 
in Table I, for a filter of 0.6 mm. Cu. The 
quality of the total radiation, as shown by 
the effective wave length and the half value 
layer, is harder than that of the scattered 
radiation and softer than that of the direct 
radiation. This indicates that the radia- 
tion absorbed by the small diaphragm may 
have been scattered by the oil and thereby 
become softer in quality. 

An increase in the distance between the 
ionization chamber and the target of the 
tube would produce a change in the volume 
of oi] which could scatter radiation to the 
ionization chamber, and might produce a 
different ratio between the intensities of 
radiation measured with diaphragms of 
different sizes. Measurements made at 70) 
em. distance gave results which differed 
from those made at 50 cm. by less than the 
experimental error in the measurements. 
With greater differences in the distances 
there might be a measurable difference in 
the ratio. 

Origin of Scattered Radiation.—In order 
to determine the distribution around the 
tube of the source of the oil-scattered radia- 
tion, the diaphragm with the opening in 
the side was used, thereby making it pos- 
sible to measure only the radiation scat- 
tered by the oil in front of, from the sides 
of, or behind the tube. The intensity of 
the radiation scattered from in front of the 
tube (the cathode end) was found to be 90 
per cent of that scattered from either side 


TABLE I.—COMPARISON 


OF DIRECT, SCATTERED, 
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of the tube, and the intensity of the radia- 
tion scattered from behind the tube (the 
anode end) plus the stem radiation was 
55 per cent of that scattered from either 
side or 60 per cent of that scattered from in 
front of the tube. If this radiation js 
largely scattered by the oil, these are the 
results that in general would be expected 
from the known distribution of the inten- 
sity of the radiation around a tube. In 
addition to the variation in intensity of the 
radiation in different directions from the 
tube, the intensity of the scattered radia- 
tion from the different sides of the tube 
would be affected by the difference in dis- 
tribution of the oil around the tube. That 
the decrease in intensity of the radiation 
caused by using smal]l diaphragms is not en- 
tirely due to the absorption of stem radia- 
tion by the diaphragm is shown by the fact 
that the intensity of the radiation from be- 
hind the tube, which included the stem 
radiation, was Jess than that from either 
side or from in front of the tube. 

Copper Absorption Curves.—Copper ab- 
sorption curves for the total] radiation (6 X 
6 inch diaphragm) and the direct radiation 
(2 X 2 inch diaphragm) were made and 
compared with the standard absorption 
curves published by Taylor and Singer (1). 
By shifting the co-ordinates to allow for a 
difference in initial filtration, the absorp- 
tion curves for both the total and direct 
radiations were found to coincide very 
well with the 180 kv. (constant) standard 


AND TOTAL RADIATION; 180 kKv., 8 


MILLIAMPERES, 3) CM. DISTANCE, FILTER OF 56 MM. OIL + 0.5 MM. CU + 2 MM. AL 


Direct Radiation 


Scattered Radiation 


(2 X 2 Inch Total Radiation 


(2 X 2 Inch Lead-centered (6 X 6 Inch 
Diaphragm) Diaphragm) Diaphragm) 
Intensity in air 14.3 r/min. 5.6 r/min. 19.9 r/min. 
Relative intensities 100% 39% 139% 
Relative intensities for same quality ako 
hae: 009 35° 329 
of radiation* 100% 35% 132% 
Effective wave length (from 0.25 rr f wn f sry 
mm. Cu) 0.155 A. 0.170 A. 0.160 A. 
Half value layer 1.01 mm. Cu 0.90 mm. Cu 0.96 mm. Cu 
mr tre ; > ivale “ “ on " 
Filtration equivalent from standard ee Co 


copper absorption curve 


0.43 mm. Cu 0.50 mm. Cu 


* Values calculated from Figure 3 for actual filtration of 0.5 mm. Cu for direct radiation, 0.62 mm. Cu for 


scattered radiation, and 0.55 mm. Cu for total radiation. 
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curve (Fig. 3). The initial filter for the 
standard curve is 4.78 mm. Pyrex glass. 
The actual initial filter for the total radia- 


Phantom Measurements.—Comparative 
measurements in a rice phantom for the di- 
rect and total radiation could be made for 
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Fig. 3. Copper absorption curve. The curve is from data published by Taylor 
and Singer. The points are the experimental data obtained with the 6 X 6 inch 


and 2 X 2 inch diaphragms. 


tion and the direct radiation was 2.29 mm. 
Pyrex glass + a minimum of 56 mm. oil + 
0.25 mm. Cu + 2mm. AJ. The initial fil- 
tration as determined from Figure 3 is 
equivalent to, in addition to the 4.78 mm. 
Pyrex glass, 0.3 mm. Cu for the direct ra- 
diation, and (0.25 mm. Cu for the total radia- 
tion. This shows that, with the same ac- 
tual filtration, the total radiation is softer 
than the direct. 

Measurements to determine the entire 
absorption curve for the scattered radia- 
tion (lead-centered diaphragm) were not 
made because of its small intensity. How- 
ever, since the measurements made with a 
few filters showed that the intensity of the 
scattered radiation for any given filter was 
equal to the difference between the intensi- 
ties of the total and direct radiations for 
that filtration, the values for the copper ab- 
sorption curve for the scattered radiation 
can be calculated from the data for the 
other two curves. The curve obtained by 
this method coincided fairly well with the 
180 kv. (constant) standard curve and gave 
an initial filtration equivalent to 0.18 mm. 
Cu. This initial filtration equivalent 
shows that the scattered radiation is 
softer than either the total or the direct. 


only a5 X 5 cm. field because the dimen- 
sions of the beam of direct radiation were 
not great enough to cover a larger field. 
The ratio of the intensity on the surface of 
the phantom to the intensity in air for 0.5 
mm. Cu filtration was practically the same 
for the two beams, being 115 per cent for 
the direct beam and 116 per cent for the 
total beam. The absolute surface intensi- 
ties, however, were 40 per cent greater for 
the total beam than for the direct. As 
shown in Figure 4, there is some difference 
in the isodose curves for the two beams; 
the curves for the total beam differ from 
those for the direct beam in that they tend 
to be a little flatter near the surface and 
extend farther outside the edge of the beam 
of radiation. This difference would be ex- 
pected because the additional radiation 
present in the total beam, since it has been 
scattered by the oil surrounding the tube, 
strikes the surface of the phantom at a 
smaller angle than the radiation in the di- 
rect beam. The relative depth intensities 
are greater for the direct beam than for the 
total beam; this difference is chiefly due 
to the fact that the additional radiation 
present in the total beam, because of the 
angle at which it is travelling, will have 
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Fig. 4. Half of two sets of isodose curves 
fora 5 X 5cm. field. One set was obtained 
with a 2 X 2inch and the other set with a 
6 X 6 inch diaphragm. 


more relative effect near the surface than 
atadepth. The harder quality of the ra- 
diation in the direct beam would also cause 
it to have higher relative depth intensities, 
but the slight difference in quality would 
not cause as much difference as is shown in 
Figure 4. 


DISCUSSION 


This study has shown that, for a tube 
immersed in a Jarge tank of oil, the rate at 
which radiation was delivered to a small 
field was much greater when a diaphragm 
with a large opening was used than when a 
small opening was used. For a filtration of 
0.5mm. Cu, the intensity measured in air was 
39 per cent greater when using the 6 X 6 inch 
diaphragm than when using the 2 * 2 inch 
diaphragm. This must be taken into con- 
sideration when calculating doses used in 
therapy if they are calculated from inten- 
sity measurements made in air. If more 
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than one diaphragm is used the intensity of 
the radiation must be determined for each. 
If one large diaphragm is always used, and 
the size and shape of the area to be irradj- 
ated is defined by means of lead sheets and 
leaded rubber, there will be one less vari- 
able factor than if diaphragms of different 
sizes are used. The use of cones will not 
affect the intensity if the end of the cone 
which attaches to the tube tank is the same 
shape and size as the diaphragm ordinarily 
used, but the use of “cylindrical cones”’ of 
small crosss-ectional area will reduce the 
intensity. 

From Figure 3 it is seen that, if the filtra- 
tion were to be increased by 0.05 mm. Cu 
for the radiation passing through the large 
diaphragm, its quality would be the same 
as that of the radiation passing through the 
small diaphragm. Calculations of the in- 
tensities of the two beams with their filtra- 
tions adjusted so that their qualities would 
be the same show that the intensity with 
the 6 X 6 inch diaphragm is 32 per cent 
greater than with the 2 X 2 inch dia- 
phragm. 

The radiation coming through the 2 X 2 
inch diaphragm has been called direct ra- 
diation. Actually this beam contains some 
scattered radiation. The dotted lines in 
Figure 1 indicate the volume in which ra- 
diation can originate, or be scattered, and 
reach the ionization chamber. Radiation 
scattered by oil outside of this volume, but 
near to it, might reach either end of the 
ionizationchamber. Radiation might pos- 
sibly be scattered several times by the oil be- 
fore reachingthe ionization chamber, and the 
point at which it was first scattered might 
be quite far from the indicated volume. 
Also, there would probably be a consider- 
able amount of radiation scattered through 
a small angle; a great deal of this would 
reach the ionization chamber regardless of 
whether or not it had been scattered, but 
if it had been scattered it would have lost 
part of its energy and would be softer in 
quality. 

One fact which indicates that a consid- 
erable proportion of the radiation which 
passes through the 2 X 2 inch diaphragm 
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has been scattered, and thereby made 
softer, is the low value for the initial filtra- 
tion equivalent obtained from Figure 3. 
An inch of oil used as a filter is generally 
considered to be equivalent to approxi- 
mately 0.25 mm. Cu; hence it would seem 
that the initial filtration equivalent should 
be approximately 0.75 mm. Cu instead of 
0.3mm. Cu. This decrease in initial filtra- 
tion equivalent indicates that a consider- 
able part of the radiation has been scat- 
tered. 

It would be desirable to determine the 
intensity and quality of the radiation with- 
out any oil in the tank and to compare such 
results with those already made. But due 
to the constant use of the machine for ther- 
apy and the short distances between the 
ends of the tube and the walls of the tank 
(insufficient electrical insulation without 
oil) it was not possible to make such meas- 
urements. Nor is it possible to make any 
accurate comparisons with data reported 
in the literature because of the difference 
in operating conditions. From compari- 
sons it has been possible to make, it would 
appear that for radiation of the same qual- 
ity the intensity of the radiation is greater 
for the tube surrounded by oil, when a 
large diaphragm is used, than it would be if 
the tube were surrounded by air. 

If, by surrounding a tube with a rather 
large volume of oil, a greater intensity of 
radiation of the same quality can be ob- 
tained, the efficiency of an x-ray machine 
would be increased. To accomplish this 
the tube housing should have a very thin 
layer of oil below the tube in the area 
through which the useful direct radiation 
would pass and a large volume of oil 
around the cone of direct radiation. This 
large volume of oil around the cone of di- 
rect radiation would have no effect on the 
direct beam of radiation, but it would scat- 
ter radiation into the useful beam which 
otherwise would be wasted. By building 
in more filtration for the scattered radia- 
tion than for the direct, both components 
of the final beam could be made to have 


approximately the same quality. The dif- 
ference in shape of the isodose curves and 
the decrease in the relative depth intensi- 
ties, as shown in Figure 4, which might re- 
sult from surrounding the tube with oil, are 
objections which might counteract the 
benefits of the increased efficiency. 


SUMMARY 


Of the useful beam of radiation from an 
x-ray therapy tube immersed in a large 
tank of oil, from 25 to 32 per cent of the in- 
tensity of the beam passing through a 
large diaphragm has been found to be due 
to radiation which does not come directly 
from the target of the tube. Most of this 
extra radiation has been scattered into the 
useful beam by the oil surrounding the 
tube. This scattered radiation is of a 
softer quality than the direct radiation but 
can be changed to radiation of the same 
quality by increasing its filtration by 0.12 
mm. Cu. 

If doses in radiation therapy are calcu- 
lated from intensity measurements made 
in air, intensity measurements should be 
made for each size of diaphragm which is 
to be used if the tube is surrounded by oil. 

Because the radiation scattered by the 
oil has more effect near the surface of a 
phantom than at a depth, the relative 
depth intensities are reduced by the pres- 
ence of this scattered radiation. 

A tube housing in which the tube is im- 
mersed in oil might be constructed so that 
there would be a large volume of oil sur- 
rounding the useful beam of radiation 
which would scatter a considerable amount 
of radiation, that would otherwise be 
wasted, back into the useful beam. 


Physics Section, Mayo Clinic, Rochester, Minn. 
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TECHNICAL DATA CONCERNING THE 
GEIGER COUNTER 


By ROBERT B. TAFT, M.D., B.S., M.A., F.A.C.R., 
Charleston, South Carolina 


As no description of a ‘““Geiger Counter” can 
be found in medical literature, an investigator 
wishing to build this instrument has to waste 
much time in testing various circuits. For 
that reason this paper seems warranted. The 
photograph and complete wiring diagram show 
a successful, self-contained instrument. The 
author has made certain modifications in the 
usual circuits, has arranged for complete AC 
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The voltage supplied to this tube is not criti- 
cal but must be in excess of 750 volts direct 
current. With the proper circuit, this can be 
gotten very easily from a small transformer 
such as is used in any radio broadcast receiver, 
The voltage from this transformer is usually 
regarded as about 320 but, as there are two 
secondaries, each giving that voltage, they can 
be connected in a series and the voltage recti- 
fied half wave with an 82 tube the plates of 
which are connected in parallel. When a con- 
denser of 2 mf. (working voltage 2,000 v.) is 
placed across this, the voltage is raised to 
about 850 and, as the drain is so small, there is 





Fig. 1. 


operation with elimination of all batteries, and, 
with the exception of the tube and recording 
counter, has used only standard radio receiv- 
ing parts which are inexpensive and easily ob- 
tained in any city. Otherwise, no originality 
is claimed. 

The success of this instrument depends on 
the “Stratosphere Tube’’ developed by Dr. 


Gordon L. Locher, of Philadelphia, for cosmic 
ray determinations, consisting of a small glass 
tube filled with gases and partially exhausted. 
When arranged with proper voltage supply, 
amplifying system, and recorder, it is an ex- 
tremely sensitive device for the determination 
of radiation. 
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practically no fluctuation. The 82 tube is 
somewhat overloaded but it seems to stand 
up continuously without damage. 

The output from the Locher Tube is fed 
through a 0.0001 mf. condenser into the am- 
plifying system, but it is necessary that the 
tube, condenser, and the first amplifying tube 
be completely shielded in grounded metal 
covers. 

The amplifying circuit consists of a small 
public address system with one pre-amplifier 
ahead of it. The loud speaker is well adapted 
for demonstration use and for conditions in 
which the radiation impulses are too rapid to 
be recorded. 
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A double pole, double throw switch is used to 
connect either the loud speaker or the counter. 
The counting or recording system is some- 
what more of a problem. The idea is, of 
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any instrument of this kind purchasable on 
the market. 
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course, to make the impulses coming through 
the amplifier record themselves in such a man- 
ner that the total number may be determined 
after a given length of time. Obviously, a 
sensitive relay has to be used, and, while the 
output of the 42 tube is quite adequate to pull 
the relay, some difficulty has been encoun- 
tered because of the fact that this tube con- 
tinuously passed about 20 milliamperes even 
when no impulse was passing, and this much 
current paralyzed the relay. The answer to 
this seemed to be the control tube (76) coupled 
to the amplifier through an audio transformer 
and with a very low plate voltage. An ad- 
justable resistance of 10,000 ohms was tapped 
to give about 60 volts. This passed a base 
current of about one milliampere, which rose 
to about five milliamperes when an impulse 
came through. When the relay points close, 


they connect the recording magnet to the 110 
volt AC line. 

The recorder is not described as every ex- 
perimenter will probably have his own ideas 
about this. Suffice it to say that the author's 
instrument is constructed from the parts of 
watt hour meters. There does not seem to be 























> SS————_ 
8 
ou @MFO J 
+\|- 
WT 
8 MFO il SPEAKER 
i 
TYPE 80 TUB! 
SS 
t A ihe RECORDER 
rrevervn| leven 
| nov J 
Ac 


TECHNIC FOR RADIOGRAPHY OF THE 
STERNUM 


By CRANSTON HOLMAN, M.D., and EUGENE 
STOBER, New York City 


From the Departments of Surgery and Radiology, 
New York Hospital and Cornell Medical College 


Although a radiographic examination of the 
sternum may be desired, the information ob- 
tained is rarely of much value. This is true for 
the following two reasons: (1) the coefficient of 
absorption, particularly in cases in which there 
has been little or no deposition of calcium, is 
approximately as low as that of soft tissues; 
(2) the vertebral column obscures a direct pos- 
tero-anterior view of the sternum. In reviewing 
radiographs of the gall bladder, it was noticed 
that an excellent radiograph of the sternum is 
often obtained, because the two above-men- 
tioned difficulties in sternal radiography are 
overcome. 

For the postero-anterior view, the patient 
should be placed on the table in a prone posi- 
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Fig. 1. 


Postero-anterior view 


tion, with the head turned to the left, the left 
arm flexed around the head, and the right arm 
alongside the body. The patient is rotated 
about ten degrees to the right, which is all 
that is necessary to project the sternum just 
to the left of the vertebral column. This gives 
an approximate postero-anterior view. One 
will find that rotation of twenty-five degrees 
or even of twenty-two and a half degrees, as 
suggested by Rhinehart, will throw the sternum 
into an oblique view. 
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Fig. 2. Postero-anterior view. 


The x-ray tube should be centered over the 
middle of the sternum and the rays should be 
directed perpendicular to the cassette. In- 
tensifying screens and the Potter-Bucky dia- 
phragm are used, and it is preferable to have 
the films taken stereoscopically at a distance 
of thirty-six inches, using a cone large enough 
to cover a 10 X 12 film. We have found that 
300 milliampere-second exposures are satisfac- 
tory, with penetration sufficient to bring out 
detail (Figs. 1 and 2). 














COTE SERRA Soe TE Fe 





the 
| be 


dia- 
ave 
nce 
ugh 
hat 
fac- 
out 





& 
if 
Ls 
be 
é 














| 


LEON J. MENVILLE, M.D., Editor 





EDITORIAL 


HOWARD P. DOUB, M.D., Associate Editor 








COMMENTS ON CANCER EXPLOITATION AND CANCER CONTROL 
IN THE U.S. A. 


Cancer—the mysterious, cancer—the un- 
known, cancer—the fertile field of the charlatan, 
the advertising quack and the unscrupulous 
physician—has been for many years, and still 
remains, a challenge to scientific medicine. 
Frankly, we have as yet very little to offer, and 
we have steadfastly acknowledged our limita- 
tions in the cure of this universal affliction. 
We have attempted in an honest and altruistic 
way to tell the truth about cancer, to encourage 
our professional brothers in maintaining a 
spirit of hopeful confidence for the ultimate 
control of this disease, and to plead with the 
cancer-afflicted public to seek proper medical 
advice at a sufficiently early period to insure 
the arrest and possible cure of the disease. 

In the meantime, what is taking place to 
minimize our efforts? In Missouri, in North 
Carolina, and in other States, institutions 
governed by profit-seeking and wholly mercen- 
ary individuals are advertising, throughout the 
land, cures for cancer by methods which belong 
to the Dark Ages. There are in use fearsome 
caustic pastes and other devilish contraptions, 
with which to destroy warts, moles, and other 
surface growths of more or less serious nature, 
and even advanced cancer of the breast. 
These efforts produce, of course, a painful 
destruction of a great many perfectly innocent 
lesions, but usually fail in a cure of the really 
malignant disease. 

In Mexico, an ousted cancer quack from the 
United States, with the accompaniment of 
song and music, tells through a powerful 
radio broadcasting station of his ‘‘cures’’ by 
methods similar to those just mentioned. In 
Los Angeles, a naturopath, or drugless healer, 
Supported by a leading newspaper, “‘cures’’ 
cancer with orange juice at five dollars or more 
per dose. Even respectable (?) doctors of 
medicine and surgery are injecting serums and 
high priced metallic colloids into the anatomy 
of the cancer-afflicted, who are led to believe 
that cures can be obtained in that manner. 
And so on and forever goes this ungodly 
exploitation of the cancer sufferers. 





The medical profession is therefore not 
entirely blameless, for there are altogether too 
many who, knowing better, will keep helpless 
patients in a hopeful frame of mind by giving 
pills, potions, and injections of all sorts, in- 
cluding enzymes, serums, and colloids of various 
kinds at so much per, knowing full well the 
total inadequacy of such agents to effect a 
cure or even attain a reasonable degree of 
palliation. 

What is the regular medical profession doing 
to combat this colossal humbug? Practically 
nothing! True, there are a few more or less 
sustained efforts by such groups as the Ameri- 
can Medical Association, the American College 
of Surgeons, the American Society for the 
Control of Cancer, and several state societies 
with Cancer Commissions that are doing good 
work to educate the members of their own 
profession, but not one single concerted effort 
is made by the medical profession as a whole to 
corral the quacks. Is it because our profes- 
sion is living in the past, when common honesty 
bound people more closely together and the 
physician had the respect and confidence of 
his community? Is it because we are still 
living in that time of sacred memories that we 
are blind to the ways of the present com- 
mercialized civilization? Is it not a cold fact 
that we have been content to go on in a state 
of imbecilic apathy secure in our own simple- 
minded faith until we are now surrounded by 
hordes of irregular practitioners, faddists, and 
cultists who, in the eyes of the law, are our 
equals, and, in a great many ways in the eyes 
of the general public, our superiors? 

It is well enough for us to feel, and to be, 
above all questionable methods of procedure 
in the conduct of our professional obligations, 
but unless the regular medical profession 
awakens to a realization of what is going on in 
this politically commercialized world, it will 
itself be forced to embrace this type of rack- 
eteering which has become an uncontrollable 
international disease. Not only against cancer 
quacking must we guard our portals, but also 
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against that insidious octopus which threatens 
to extend its tentacles in an all-absorbing at- 
tempt to regimentate the entire medical profes- 
sion into a subversive union. While this is a de- 
gression from our subject, it has a vital bearing 
upon all of us and we must heed the call to arms. 
Let us, therefore, briefly cogitate upon the 
probable trend of events if the foregoing re- 
marks attain a reasonable degree of truth. 

The regular medical profession, with its 
waning powers to influence medical legislation 
or to sway public opinion, is faced with the 
humiliation of taking orders from some political 
leech as to how it shall conduct its private 
practice or how it may continue on in its time- 
honored and sacred professional tenor, and 
how much it shall charge the private and public 
patient for any and all medical service. This 
is not an imaginative outburst. You men of 
medicine, just look around and see what is 
going on in your own town, county, State, and 
beyond, and you will find that legislative 
bodies everywhere are importuned by laymen 
to pass vicious bills enacted solely for the 
purpose of undermining the very foundation 
of medicine. If this move is successful, we 
will be compelled to accept for our medical 
services that pittance grudgingly allowed us 
by the particular ward heeler, demagogue, or 
communistic nincompoop in supreme control 
of every individual medical community. 

Attention is drawn to a recent article wherein 
suggestions are made by the undersigned to 
establish a national board of cancer control. 
If this or some similar plan were to be worked 
out, it would not be long before an awakened 
medical profession would have the situation 
well in hand. 

In conclusion, it would seem highly essential, 
in view of the foregoing, that definite steps 
be taken by the cancer-minded members of 
our profession at once, in order to co-operate 
and align themselves with every legitimate 
cancer study and control organization, such as 
already alluded to, so that there may eventuate 
a strong authoritative central organization, 
powerful enough to make its voice heard and 
its messages obeyed over our whole country. 
Then and only then may we expect a sustained 
cancer control program which will yield, I 
firmly believe, in one decade, a 50 per cent 
reduction of the present known cancer in- 
cidence. 


1407 S. Hope St. 
Los Angeles 


ALBERT SOILAND, M.D. 
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COMMUNICATIONS 
AMERICAN RADIUM SOCIETY 


Twentieth Annual Meeting, May 11, 12, 1936 


The American Radium Society has just 
closed an Annual Meeting which has been out- 
standingly successful, and which was attended 
by most of the leading radium therapists and 
physicists of the country. The program 
follows: 


“The Measurement of Tissue Doses in Terms 
of the Same Unit in X-ray and Radium Ther- 
apy,’ G. Failla, D.Se., New York City. 

“The Experimental Determination of Tissue 
Doses in Teleradium Therapy,” Edith H. 
Quimby, M.A., and L. D. Marinelli, M.A., New 
York City. 

“The Present State of Physical Radium 
Dosimetry,’’ Otto Glasser, Ph.D., Cleveland. 

“Protracted Irradiation by Radium,’ Hayes 
E. Martin, M.D., and William S. MacComb, 
M.D., New York City. 

‘Limitations of Radium Therapy in Cancer 
of the Cervix,” Palmer Findley, M.D., Omaha. 

“Clinical Results and Histologic Changes 
Noted in the Radiation Treatment of Corpus 
Cancer,’’ A. N. Arneson, M.D., St. Louis. 

“The Calculation of the Dosage in the 
Treatment of Carcinoma of the Cervix,” 
Charles DeF. Lucas, M.D., Charlotte, N. C. 

“Serious Complications Encountered during 
Radium Treatment of Carcinoma of the Uter- 
ine Cervix,’ H. H. Bowing, M.D., and R. E. 
Fricke, M.D., of Rochester, Minn. 

“A Method of Treatment of Cancer of the 
Cervix” (motion picture), Hyman Strauss, 
M.D., Brooklyn, N. Y. 

‘Early Experiences with Radium’ (Jane- 
way Lecture), C. F. Burnam, M.D., Baltimore; 
introduction by Douglas Quick, M.D., New 
York City. 

“The Radiation Treatment of Carcinoma of 
the Breast Recurrent after Operation,’’ Sanford 
Withers, M.D., Denver. 

“A Study of Tissue Dosage and Radiation 
Effect in Cancer of the Breast Treated by X- 
rays and by Teleradium Therapy,” F. E. Adair, 
M.D., E. L. Frazell, M.D., and Edith H. Quim- 
by, M.A., New York City. 

‘Microscopic Grading: Its Interpretation, 
Limitations, and its Relation to Radiosensi- 
tivity,” W. C. MacCarty, M.D., Rochester, 
Minn. 

“The Relative Importance of Histological 
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Analysis in Tumor Therapy,” F. C. Helwig, 
M.D., Kansas City. 

“Tissue Changes Resultant from Radia- 
tion,’ L. H. Jorstad, M.D., St. Louis. 

“Advanced Cancer about the Head,’ C. L. 
Martin, M.D., Dallas, Texas. 

“The Educational Advantages of the Tumor 
Clinic,’ G. M. Dorrance, M.D., Philadel- 
phia. 

“Evaluation of Radiation in the Treatment 
of Uterine Fibroids and Menorrhagia,”’ C. F. 
Burnam, M.D., Baltimore. 

“Radium versus Roentgen Ray in_ the 
Treatment of Benign Uterine Bleeding,’ John 
W. Cathcart, M.D., El Paso, Texas. 

“The Use of 200- to 600-millicurie Radon 
Pack in the Treatment of Malignancy,” W. E. 
Howes, M.D., Brooklyn, N. Y. 

“The Use of Radium Element Seeds in the 
Treatment of Cancer,’ G. T. Pack, M.D., 
New York City, and L. R. Taber, M.D., 
Paterson, N. J. 

“Protective Factors in the Preparation and 
Handling of Gold Implants and Other Radon 
Applicators,’’ Wilhelm Stenstrom, Ph.D., and 
C. E. Nurnberger, Ph.D., Minneapolis. 

“Therapeutic Use of Various Solutions of 
Radium Emanation: Preliminary Report,”’ 
I. I. Kaplan, M.D., New York City. 

From a perusal of the above list of papers it is 
plain to see that every one doing radium ther- 
apy either was or might with advantage have 
been present at the meeting. 


INTERNATIONAL CANCER 
CONGRESS 


The Radiological Society of North America 
has joined the Union Internationale contre le 
Cancer and has paid the annual dues. Each 
member of the Society has the right to attend 
the Congress in Brussels, Sept. 20 to 26, 1936. 

However, the individual who wishes to pre- 
sent a paper at the Congress must pay an 
“inscription fee’ of 100 Belgas or about $17.00, 
which he can get at his own bank by buying 
Belgian exchange. 

If any member wishes to join the Congress, 
he should send 100 Belgas to Mr. H. Schraenen, 
National Executive Committee General Sec- 
tetariat, 13 rue de la Presse, Brussels, 
Belgium. 





ILLINOIS RADIOLOGICAL SOCIETY 


The Illinois Radiological Society met at 10:30 
A.M. on Sunday, April 26, 1936, at Champaign, 
Ill. After hearing the conclusions of the Com- 
mittee in charge of the study of the constitution 
of the Illinois Society of Radiographic Tech- 
nicians, it was moved and approved that the 
Illinois Radiological Society endorse the con- 
stitution of the Illinois Society of Radiographic 
Technicians. 

A film clinic followed and interesting cases 
were presented by Dr. Morgan, Dr. Kariher, 
Dr. Gianturco, and Dr. Jewell. Dr. James 
H. Finch presented an apparatus for the reduc- 
tion of fractures. 

After dinner, Dr. C. H. Warfield gave a most 
complete discussion of the radiological aspects 
of bone tumors. Dr. C. Gianturco presented 
two instruments for the radiographic visualiza- 
tion of the optic canals and the temporal bone 
in Stenvers position. 


MINNESOTA RADIOLOGICAL 
SOCIETY 


The annual meeting of the Minnesota Radio- 
logical Society was held in connection with 
the meeting of the Minnesota State Medical 
Association at Rochester, Minn., May 4, 1936. 

The Russell D. Carman Memorial Lecture 
was delivered by Dr. Willis F. Manges, of 
Philadelphia, on the subject, ‘Foreign Bodies 
and the Use of X-ray Examination in Their 
Localization and Removal.” 

At the annual dinner Dr. Manges addressed 
the members of the Society on ‘“‘The Future of 
Radiology.”’ 

Election of officers for the coming year re- 
sulted as follows: President, Dr. J. Richards 
Aurelius, of St. Paul; Vice-president, Dr. 
Walter H. Ude, of Minneapolis; Secretary- 
Treasurer, Dr. Leo G. Rigler, of Minneapolis. 


NOTICE OF CORRECTION 


It now comes to the attention of Dr. Ernst 
Lachmann that there has been an error in 
quoting Dr. H. R. Schinz in the paper entitled 
“The Roentgen Diagnosis of Osteoporosis and 
its Limitations,’’ in Rap1oLocy, February, 
1936. On page 168, line 21, from the top of 
the first column appearing under heading 
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(3), should read ‘‘1.9 times that of its sur- 
roundings,” instead of “nine times that of 
its surroundings.” 


DR. RUDOLPH GRASHEY 


Dr. Rudolph Grashey, Professor of 
Roentgenology at the University of Cologne 
and Director of the Municipal Roentgen and 
Light Institute at the Citizens’ Hospital, 
celebrated his sixtieth birthday on Feb. 24, 
1936. Rudolph Grashey is a pioneer in 
roentgenology on the Continent and well 
known to the radiologists of this country, 
particularly as Editor of ‘‘Fortschritte auf 
dem Gebiete der Rontgenstrahlen.” It was 
founded by Albers-Schénberg, who died as 
a martyr of his chosen specialty and fifteen 
years ago Grashey became his successor. The 
latter also founded “‘R6ntgenpraxis,’”’ which 
is now appearing in its eighth volume. 

In honor of Grashey’s sixtieth birthday, 
“Fortschritte’’ published a Festschrift, edited 
by W. Baensch (Leipzig), F. Haenisch (Ham- 
burg), andH.R.Schinz (Ziirich), asthe March 
issue of Volume 53. It contains 57 papers 
covering diagnostic roentgenology, radiobiol- 
ogy, radiation therapy, physics, and technic. 
Radiologists of many nations are found among 
the contributors; this country is represented 
by A. C. Christie (Washington) and G. Failla 
(New York). ‘‘Strahlentherapie,’’ in the issue 
of Feb. 26, 1936, also acknowledges the out- 
standing accomplishments of Grashey in the 
science of radiology. We join our colleagues 
on the Continent in wishing that he may con- 
tinue his invaluable services to humanity for 
many years to come. 

Ernst A. POHLE, M.D., Ph.D. 


BOOK REVIEW 


A TEXTBOOK OF ROENTGENOLOGY: THE 
ROENTGEN Ray IN DIAGNOSIS AND TREAT- 
MENT. By BEDE J. MICHAEL HARRISON, 


M.B.,Cu.M., D.M.R.E. (Cantab.), F.A.C.R., 
Director of Department of Roentgenology, 
Vancouver General Hospital, Roentgenolo- 
gist to Vancouver Public Health Institute 
for Diseases of the Chest. 
788 pages, 238 illustrations. 


A volume of 
Published by 








RADIOLOGY 


Dr. RuDOLPH GRASHEY 


William Wood & Company, Baltimore, 


Maryland, 1936. Price, $10.00. 


This comprehensive work presents roent- 
genology in a novel and interesting manner. 
The author approaches roentgen diagnosis and 
treatment through pathology, with adequate 
remarks on normal anatomy interposed. This 
method makes the book of particular value to 
students of roentgenology, both undergradu- 
ateand graduate. To the average roentgenolo- 
gist the method is questionable, as it entails 
an extensive repetition of obvious data on 
anatomy and pathology with most of which he 
is thoroughly familiar. Furthermore, the de- 
tailed treatment of these related subjects, a 
repetition of material which is readily available 
in other special texts, has reduced the amount 
of space available to the primary subject of the 
book, namely, roentgenology. 

There are some 788 pages, by far the largest 
book in English published in recent years on 
this subject. The volume is remarkably com- 
plete, all fields of roentgen diagnosis and ther- 
apy being touched upon—in some cases per- 
haps too lightly. Even the rarest of diseases 
are briefly described and data are presented on 
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even the most recent contributions to roentgen 
diagnosis. On the other hand, the detailed de- 
scriptions of the roentgen findings in any one 
disease are very limited. 

The author is to be commended for his in- 
structive chapters on general principles of radi- 
ology, physics, radio-physiology and biology, 
technic, and the nature of roentgen evidence. 
The text on the whole is very readable and 
concise, and in these chapters the approach to 
roentgenology is made clear in an interesting, 
original manner. 

Certain specific criticisms must be made. 
The statements anent the value of roentgen 
therapy in numerous conditions such as hyper- 
acidity and gastric ulcer are loose and uncriti- 
cal. The conclusions expressed as to the re- 
sults of radiation therapy in other diseases, such 
as hyperthyroidism, are unduly optimistic. 
An unfortunate impression is conveyed that 
roentgen therapy is effective in many diseases 
in which the beneficial results have never been 
effectively proved. 

There is a certain disproportion in space 
allotments which leads to undue brevity in 
treating important subjects. One short para- 
graph on bronchial neoplasms hardly seems 
adequate. There is less than a page devoted 
Pulmonary tuberculosis is 


to bronchiectasis. 
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dealt with much more fully, but here again the 
discussion is largely devoted to clinical findings 
and the classification of the disease rather than 
to the roentgen diagnostic signs. On the other 
hand, undue emphasis is placed on such a re- 
cent procedure as hepato-lienography, even 
though its value and limitations have not yet 
been clearly defined. 

The illustrations are much too few for so 
complete a book and are not very well repro- 
duced. There is no reference to the illustra- 
tions in the text so that they appear to be of a 
separate nature. In many instances the illus- 
trations are far removed from that portion of 
the text in which the condition they represent 
is discussed. The book contains no bibliog- 
raphy or any attempt at references to the 
literature, although it is obvious that the author 
is thoroughly versed in the most recent con- 
tributions on roentgen diagnosis and therapy. 

Consideration of the book as a whole sug- 
gests that it may have a valuable place in medi- 
cal literature. It renders to the physician a 
bird’s-eye view of the value of roentgen diag- 
nosis and treatment in the various diseases 
which he may encounter in his practice. It 
gives the student of roentgenology and the 
roentgenologist a correlation in one volume of 
anatomy, pathology, and roentgenology. 
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Intestinal obstruction, Roentgenologic aid in ‘‘acute ab- 
domen,”’ with special reference to, W. R. Stecher, June, 
729 
tumors 
Tumors of left flank and abdomen, Displacements of left 
kidney in diagnosis of, P. Shambaugh, March, 335. 
ABSCESS 
Late abscess caused by spondylitis typhosa and roentgeno- 
logic demonstration of it. Observations on rare case of 
(ab.), E. Wagenfeld, Feb., 256. 
ACETABULUM 
Acetabulum (Otto pelvis), Intrapelvic protrusion of (ab.), 
W.N. Levin, March, 383 
ADDISON'S DISEASE 
Adrenals, Calcifications of (ab.), 
ADHESIONS 
—— and abdominal adhesions, Radiation therapy of (ab.), 
Laquerriére, April, 518 
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(ab.), C. M. Jones, E. B. Benedict, and A. O. Hampton, 
April, 510 
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C. H. Warfield. Jan., 122 
ANIMAL EXPERIMENTATION 
Chloride content in tissues of rat following total body ex- 
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High versus low intensity irradiation in treatment of car- 
cinoma experimental study on non-neoplastic epithe- 
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Roentgen diagnosis of 


Perry, June, 706; disc.. 710 5 
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March foot or pied forcé, W. W. Furey, April, 474. 
Medial sesamoid bone of great toe, Congenital absence of: 
report of two cases (ab.), G. A. L. Inge, March, 382. 
FISTULAS 
“— ileus, Roentgen diagnosis of (ab.), A. Schele, April, 
5 


Post-operative fistula between common duct and colon 
(ab.), J. Meese, Feb., 257. 
FOOT 
March foot or pied forcé, W. W. Furey, April, 474. 
Medial sesamoid bone of great toe, Congenital absence of: 
report of two cases (ab.), G. A. L. Inge, March, 382. 
os metatarsal in children, Fracture-like changes of 
b.), A. Herzog, Feb., 257. 
FOREIGN BODIES 
Foreign bodies from lower air passages, Diagnosis and re- 
moval of (ab.), C. K. Lewis, May, 645. 
Foreign bodies in esophagus, Roentgen diagnosis of (ab.), 
S.R. Kjellberg, March, 382. 
Mineral oil in lung, Roentgenographic changes following in- 
troduction of, with report of three cases, K. S. Davis, 
Feb., 131. 
Radiology, Non-medical application of (ab.), E. Benassi, 
May, 645. 
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FRACTURES 

Fractures of carpal scaphoid (ab.), D. W. G. Murray, April, 
516. 

Fractures that include epiphysis, Growth arrest in long 
bones as result of (ab.), E. L. Compere, April, 512. 

March foot or pied forcé, W. W. Furey, April, 474. 

Newer bumper fractures of tibia, Healing of (ab.), W. G. 
Stern and L. E. Papurt, April, 516 

Rate of healing of fractures and phosphatase activity of 
callus of adult bone, Influence of roentgen irradiation on 
(ab.), E. M. Regen ‘and W. E. Wilkins, March, 378. 

Reverse Colles fracture—plea for closed oe (ab.), 
R. B. Bettman and W. J. Tannenbaum, April, 

Reversed Colles fracture: successful reduction ng closed 
method (ab.), J. G. Raymer, April, 516. 


GALL BLADDER 
Cholecystic disease: comparison of clinical with cholecysto- 
graphic data concerning 500 patients not operated on (ab.), 
B. R. Kirklin and T. W. Blake, April, 516. 
Cholecystography, ‘Phrygian “ee in: Congenital anom- 
aly of gall bladder (ab.), E. A. Boyden, May, 645. 
Diverticulum of gall bladder, Clinical study and pathology 
of (ab.), H. Hartmann, Feb., 257. 
Gallstone ileus, Roentgen diagnosis of (ab.), A. Schele, 
April, 517. 
Intrahepatic gall bladder (ab.), E. P. McNamee, May, 645. 
Left anterior oblique position in cholecystography, Value of, 
S. Zaldin, March, 340. 
“Milk of calcium” bile, Roentgenologic significance of 
(ab.), K. Kornblum and W. C. Hall, May, 646 
Papillomas and tumors of gall bladder, Cholecystographic 
diagnosis of (ab.), C. Moore, May, 645. 
GALLSTONES 


Gallstone ileus, Roentgen diagnosis of (ab.), A. Schele, 


April, 517. 
GALVANIC CURRENT APPARATUS 
Galvanic current apparatus, Suggestion for, R. B. Taft, 
April, 496. 
GANGRENE, gas 
Biological effects of x-radiation, A 1936 survey of, G. L. 
Clark, March, 295. 
Gas gangrene, Present status of x-ray as aid in treatment of, 
J. F. Kelly, Jan., 41; disc., 64. 
poisoning 
gee leg 4 nag caused by poisoning with nitrous 
nee. jen-» 123. 
GASTRO- INTESTINAL TR 
Alimentary canal, Welne . roentgenologic investigation in 
unusual complications of diseases of (ab.), J. Pinke, Feb., 
257. 

Barium- filled stomach, Protective power of (III). Dangers 
of roentgenoscopy ‘and methods of protection against 
them (ab.), E. I. L. Cilley, E. T. Leddy, and B. R 
Kirklin, Jan., 128. 

Benign prepyloric ulcer, A. C. Singleton, Feb., 198. 

Benign tumors of stomach: observations on their incidence 
and malignant degeneration, L. G. Rigler and L. G. Erick- 
sen, Jan., 6. 

Biological effects of x-radiation, A 1936 survey of, G. L. 
Clark, March, 295. 

Cardiac end of stomach, Diverticulum of, wy report of 
case, L. Nathanson and M. Steiner, March, 

Chronic idiopathic adult tetany, Roentgen ae of gastro- 
intestinal tract in (ab.), E. P. Pendergrass and B. I. 
Comroe, May, 646. 

Diagnostic gastroscopy, with special reference to flexible gas- 
troscope (ab.), R. Schindler, March, 382. 

Duodenal diverticula, A. S. Unger and M. H. Poppel, May, 
601. 


Duodenal div erticula, Some of radiologic and clinical aspects 
of (ab.), G. Bagnaresi and L. Bargi, May, 646. 

Epithelial tumors of large bowel, Diagnosis and prognosis 
of (ab.), W. A. Fansler, March, 382. 

Gastric mucosa, Prolapsing lesions of (ab.), E. P. Pender- 
grass and J. R. Andrews, April, 517. 

Gastro-intestinal radiography, Some essential considerations 
ry! — of, J. R. Carty and V. Merrill, May, 531; disc., 


a reflex of digestive tract, Radiologic study 
of: gastro-appendiceal reflex (ab.), CG. Cola, May, 646. 

Intestinal obstruction, Roentgenologic aid in “acute ab- 
domen,”’ with special reference to, W. R. Stecher, June, 
729. 

Ileus, Diagnostic features of, E. L. Eliason and J. Johnson, 
March, 342. 

Liver, Primary carcinoma of, with hepatosplenography 
(ab.), D. E. Ehrlich and F. Cc Ansanelli, March, 384. 

Malignant tumors of stomach, Roentgen diagnosis of, H. 
Hauser and G. T. Pack, Feb., 221. 

Peptic ulcer associated with duodenal “ee Incidence of, 
J. Friedenwald and M. Feldman, May, 595. 

Pernicious anemia, Variations in gastric mucosa in: gastro- 
scopic, surgical, and roentgenologic observations (ab.), 
te Jones, E. B. Benedict, and A. O. Hampton, April, 
510. 

Pneumatosis cystoides intestinorum, Contribution to knowl- 
edge of roentgen picture of (ab.), G. Groberger, March, 
3 


Primary jejunal ulcer: case report, J. H. Harris, April, 497. 
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Small intestines, Primary malignant tumors of, H. P. Doub 
and H. C. Jones, Feb., 209. 

Small intestine, Studies of: II. Effect of foods and 
various pathologic states on gastric emptying and small 
eg pattern, E. P. Pendergrass, I. S. Ravdin, 

G. Johnston, and P. J. Hodes, June, 651; disc., 710. 

Ph and duodenum, Technic for roentgenoscopic ex- 
amination of, B. R. Kirklin May, 521; disc., 534. 

Stomach, Gastric ulcers on posterior wall and cardiac end of 
(ab.), J. Pinke, March, 385. 

Stomach, Primary isolated lymphogranulomatosis of:  re- 
port of case (ab.), H. N. Comando, Jan., 128. 

— left dolicocolon: clinical and radiologic study (ab.), 

G. da Empoli, May, 646, 
GASTROSCOPY 
Ce gastroscopy, with special reference to gastro- 
cope (ab.), R. Schindler, March, 382. 
GAUCHE “$ DISEASE 
eo rene “of bone, Roentgenologic changes in, J. D. 


GENITO. URINARY TRACT 

Bilateral urinary calculus (ab.), H. 
May, 647. 

Bile passages, Air “a review and report of case (ab.), 
S. Candel and W. L. Wolfson, Feb., 258. 

Carcinoma of — ‘genital organs at State Hospital for 
Women in Dresden, 1925- 192 29, Results of treatment of 
(ab.), H. Burckhardt, Feb., 258. 

Intravenous urography in children, M. 
disc., March, 291. 

Lower urinary tract, Roentgen diagnosis of lesions of, C. I 
Gillies and H. D. Kerr, March, 286. 

Renal pelvis, Squamous-cell carcinoma of (ab.), M. Silver- 
stone, Feb., 259. 

Seminal vesicles and deferent ducts, Calcifications in (ab.), 
R. Janker, Feb., 258. 

Tumors of left flank and abdomen, Displacements of left 
kidney in diagnosis of, P. Shambaugh, March, 335. 

U 27 urinary tract, Physiology of (ab.), W. P. Herbst, Feb., 


P. Winsbury-White, 


Swick, May, 539; 


U ene calculi in Paget’s disease (osteitis deformans), ab., 
A. E. Goldstein and B. S. Abeshouse, Feb., 258. 
Urologic injuries (ab.), M. F. Campbell, Feb., 257. ; 
Urologic lesions, Correct diagnosis of more common, E. L. 
Shiflett, March, 270; disc., 291. 
GLUTATHION 
Glutathion of liver, Effect of roentgen rays on (ab.), 
Nathanson and G. A. Tscherkes, April, 519. 
GOITER 
ag roo of thyroid, 
. Levin, April, 436. 
GOLD ‘AND GoLb COMPOUNDS : 
Gold therapy in arthritis (ab.), April, 510. 
GRANULOMA 
Stomatology, Roentgen therapy 
in (ab.), A. Rona, March, 384. 
GRENZ RAYS 
Radiation therapy, J. F. Elward, Jan., 86. 
Skin disease treated with a rays from 1926 to 1931, 
Fate of patients with (ab.), v. Thoroczkay, March, 


380 
GROWTH “ee 
Growth, normal and abnormal (ab.), W. Boyd, Apri!, 517 
Osseous development in endocrine diagnosis, Importance of 
er studies of, H. C. Shepardson, June, 685; 


GYNECOLOGY AND OBSTETRICS 

Carcinoma of female genital organs at State Hospital for 
Women in Dresden, 1925-1929, Results of treatment of 
(ab.), H. Burckhardt, Feb. 258. 

Female pelvis and its clinical significance, Shape of: roent- 
gen and clinical study, L. H. Garland, A. V. Pettit, R. D. 
Dunn, and P. Shumaker, April, 443. : 

Gynecology, Acute death following radium therapy in 
(ab.), L. Nurnberger, Feb., 254. 

Pelvic and abdominal adhesions, Radiation therapy of (ab.), 
A. Laquerriére, April, 518. 

Radium dosage in r in gynecological practice (ab.), H. Kirch- 
hoff and V. Beato, March, 386. : 
Spondylolisthesis and pregnancy (ab.), K. v. 

S. Tapfer, May, 647. 
Ultra-high voltage in gynecologic carcinomas, 
report on effect of, H. Schmitz, March, 331. 
Uterine carcinoma, Radiation therapy of post-operative re- 
currence of (ab.), I. von Buben, March, 380. 


A. O. 


Pathogenesis and radiotherapy in, 


of inflammatory diseases 


Dittrich and 


Preliminary 


HAIR, diseases 
Temporary epilation of scalp (ab.), J. Vegh, March, 382. 
HAND ¥ 
Epiphyses by freezing, Destruction of (ab.), R. B. Bennett 
and W. P. Blount, March, 383. 
HEART 
Biological effects of x-radiation, A 1936 survey of, G. L. 
Clark, March, 295. 
Esophagus in disease of heart and aorta: 
roentgen and postmortem findings (ab.), 
and E. B. Gutman, May, 647. 
‘‘Morbus ceruleus,’’ Roentgen symptomatology of (ab.), 
Cc. W. Lohmann, Feb., 258. 
Right aortic arch, W. W. Fray, Jan., 27 


case report with 
J. B. Schwedel 








RADIOLOGY 


HEAT THERAPY 
Diathermy and short wave diathermy machines, Physical 
characteristics of (ab.), A. Hemingway and K. W. Sten- 
strom, April, 515. 
HEMOPHILIA 
— Articular changes in (ab.), C. E. P. Buus, May, 


HEMORRHAGE 
Benign hemorrhages, Treatment of, with radio-active sub- 
stances (ab.), H. Eymer, Jan., 124. 
— uterine hemorrhage, with special consideration of 
radiation therapy (ab.), H. Schmitz, May, 648. 
HEPATOSPLENOGRAPHY 


Liver, Primary carcinoma of, with ee een oeaphy 
(ab.), D. E. Ehrlich and F. C. Ansanelli, March, 
HIP JOINT 


Acetabulum (Otto pelvis), Intrapelvic protrusion of (ab.), 
N. Levin, March, 383. 
Supratrochanteric calcification (ab.), R. R. Goldenberg and 
G. S. Leventhal, March, 383. 
Congenital coxa vara (ab.), I. Zadek, Jan., 122. 
HODGKIN’S DISEASE 
Lymphogranulomatosis, Primary isolated, of stomach: re- 
port of case (ab.), H. N. Comando, Jan., 128. 
Lymphogranulomatosis with roentgen rays, Treatment of 
(ab.), C. H. Flax, Feb., 258. 
Neoplasms, L ymphocytic, myelocytic, and monocytic: 
a diagnosis and treatment (ab.), H. P. Doub and 


F. Hartman, April, 518. 
See oot Lymphogranuloma. 
HORMONES 


Menopausal cases after irradiation of pituitary gland, Study 
of series of, C. G. Collins, L. J. Menville, and E. P. 
Thomas, June, 682; disc., 710. 
Pituitary hormones and significant facts in regard to their 
influence on bone growth, Review of early scientific aspects 
of, J. B. Collip, June, 680; disc., 710 
HYDROCEPHALUS 
Hypophyseal tumors, Roentgen diagnosis of (ab.), J. Erdelyi, 
Jan., 129. : 
HYPERNEPHROMA 
Hypernephroma, Unusual type of pulmonary metastasis in, 
E. P. Pendergrass and P. J. Hodes, Jan., 99. 


IDIOCY, mongolian 
Osseous development in endocrine diagnosis, Importance of 
roentgenographic studies of, H. C. Shepardson, June, 
685 (696); disc., 710. 
INFANTS, diseases 
Arthritis, Acute painful ankylosing, with especial reference 
to non-suppurative type, H. A. Olin, June, 717 
Diaphragm, Congenital defect of left half of: 
examination of four-day-old infant, W. O. 
April, 500. 
Duodenal ulcer with rupture on fourth day of life (ab.), 
F. Seinsheimer, April, 520. 
Osteomyelitis in infants (ab.), W. T 
INFLAMMATORY DISEASES 
Biological effects of x-radiation, A 1936 survey of, G. L. 
Clark, March, 295. 
Infections, Treatment of some, by means of roentgen ray, 
H. Stevens, April, 465. 
Inflammatory affections, “eee of (ab.), I. Solomon 
and P. Gibert, May, 
Inflammatory conditions, 
chronic (ab.), A. U. Desjardins, May, 3 
Stomatology, Roentgen therapy of inflammatory diseases in 
(ab.), A. Rona, March, 384. 
INFLUENZA 
Acute influenza pneumonitis (ab.), A. Bowen, May, 649 
INTESTINES 
Chronic idiopathic adult tetany, 
intestinal tract in (ab.), E. P. 
Comroe, May, 646. 
Intestinal obstruction, Roentgenologic aid in 
domen,’’ with specia! reference to, W. R. Stecher, 


729. 
Primary jejunal ulcer: J. HH. 
497. 


report of 
Weiskotten, 


’. Green, April, 520. 


Radiotherapy for acute and 


Roentgen study of gastro- 
Pendergrass and I. 


“acute ab- 
June, 
case report, Harris, April, 
Small intestine, Studies of: II. Effect of foods and 
various pathologic states on gastric emptying and small 
intestinal pattern, E. P. Pendergrass, I. S. Ravdin, 
C. G. Johnston, and P. J. Hodes, June, 651; disc., 710. 
cysts 
Pneumatosis cystoides intestinorum, Contribution to knowl- 
edge of roentgen picture of (ab.), G. Groberger, March, 383. 
obstruction 
“‘Acute abdomen,” Roentgenologic aid in, with special refer- 
ence to intestinal obstruction, W. R. Stecher, June, 729. 
Ileus, Diagnostic features of, E. L. Eliason and J. Johnson, 
March, 342. 
tuberculosis 
Intestinal tuberculosis, 
Rother, March, 389. 
tumors 
Epithelial tumors of large bowel, Diagnosis and prognosis of 
(ab.), W. A. Fansler, March, 382. 
Small intestines, Primary malignant tumors of, H. P. Doub 
and H. C. Jones, Feb., 209. 


Roentgen diagnosis of (ab.), J. 
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JOINTS 
Atrophic pa dg geod arthritis: 
(ab.), K. . Allen, April, 510. 
Chronic ng calearea, X-ray treatment of (ab.), F. 

Gleichmann, Feb., 259. 
Solitary articular chondroma (Chondromatosis of articula- 
tions), ab., W. Theler, May, 649. 


roentgen diagnosis 


KIDNEYS ’ es) 
Bilateral goer calculus (ab.), H. P. Winsbury-White, 
May, 
tenpavenene urography in children, M. Swick, May, 539; 


dise., March, 291. 

Kidney, Angioma of (ab.), R. H. J. Swan and H. Balme, 
Feb., 260. 

Massive tumors of kidney, Pre-operative irradiation of: 
clinical and pathologic study (ab.), L. R. Wharton, Jan., 
122. 

Nephritis in “— by roentgen rays, Production of (ab.), I. H. 
Page, April, é 

Mercury sichdesbite poisoning, Roentgen irradiation of 
kidneys in cases of (ab.), J. Balazsand W. Czunft, March, 


384. 
Ovary and kidneys in white rat, Results of experimental 
irradiation of (ab.), E. Fels, Feb., 253. 
Parenchyma of kidney, Roentgenologic demonstration of 
amount of (ab.), K. Hutter, Feb., 259. 
Renal pelvis, Squamous- -cell carcinoma of (ab.), M. Silver- 
stone, Feb., 259. 
Tumors of left flank and abdomen, Displacements of left 
kidney in diagnosis of, P. Shambaugh, March, 335. 
Upper urinary tract, Physiology of (ab.), W. P. Herbst, 
Feb., 257. 
U rologic | injuries (ab.), M. F. Campbell, Feb., 257. 
Urologic lesions, Correct diagnosis of more common, E. L. 
Shiflett, 270; dise., 291. 
horseshoe 
Horseshoe kidney, Report of case of, L. K. Emenhiser and 
J. C. King, April, 495. 
rupture 
Congenital solitary kidney, Traumatic rupture of (ab.), 
J. R. H. Turton and J. C. F. Lloyd-Williamson, Feb., 260. 
tumors 
Renal tumors, Management of, including cysts (ab.), 
R. M. LeComte, March, 384. 
KNEE JOINT 
Fossa intercondyloidea femoris and its significance in roent- 
genography of knee joint (ab.), R. Kaiser, Jan., 123. 


LARYNX 
Ossification (so-called ‘“‘calcification’’) of normal laryngeal 
cartilages mistaken for foreign body: correlation of roent- 
ws ‘* histologic findings (ab.), W. E. Chamberlain and 
roung. 3 Jan., 123. 
LEAD, ‘POISONIN 
Intracranial Tae, Simulation of, by lead encephalopathy 
in children, with remarks concerning surgical treatment 
of latter (ab.), P. C. Bucy and D. N. Buchanan, March, 


389. 
LEUKEMIA 

Bone changes of leukemia in children (ab.), J. M. Baty 
and E. C. Vogt, April, 519. 

Chronic leukemia, Remarks pacers treatment of (ab.), 
H. Curschmann, March, 

Hyperplastic blood dy ae Roentgen therapy in: new 
technic for myeloid and ly mphatic leukemia, polycythemia 
rubra vera, and Hodgkin’s disease (ab.), H. Langer, May, 


Leukemia, Influence of roentgen therapy upon basal metabo- 
lism in, W. S. Middleton, O. O. Meyer, and E. A. Pohle, 
May, 586. 
Leukemia, Unusual bone changes in, J. J. Clark, Feb., 237. 
Neoplasms, Lymphocytic, myelocy tic, and monocytic: 
es diagnosis and treatment (ab.), H. P. Doub and 
Hartman, April, 518. 
LICHEN PLANU US 
Infections, Treatment of some, by means of roentgen rays, 
R. H. Stevens, April, 465 (467). 
LIP, cancer 
Carcinoma of lip, ~<ivcaaa in (ab.), I. I. Kaplan and Simon 
Krantz, April, : 
Epithelioma of tip, c. B. Ward and A. Betts, March, 349. 
LIVER 
Chloride content in tissues of rat following tota! body expo- 
og -. roentgen rays (ab.), A. Beutel and K. A. Winter, 
an., 123. 
Liver, Effect of yi? se rays on glutathion of (ab.), A. O. 
Jathanson and Tscherkes, April, 519. 
Liver, Primary Pica a of, with gg eal 
(ab.), D. E. E f Ansanelli, Marc 
LUNGS ), E. Ehrlich and F. C. ane 
Acute influenza pneumonitis (ab.), A. Bowen, May, 649. 
Biological effects of x-radiation, A 1936 survey of, G. L. 
Clark, March, 295. 
Bronchial carcinoma, Diagnosis of: clinical and roentgeno- 
logical study of 50 cases, J. T. Farrell, Jr., March, 261. 
ae: diagnosis and treatment, A. C. Christie, 
eb., 138. 
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Carcinoma of lung under roentgen therapy, Prognosis of 
(ab.), H. Holfelder, Feb., 260 

Chest of patients admitted to State of Wisconsin General 
Hospital during three months’ period, Routine roentgen 
examinations of, E. A. Pohle, L. W. Paul, and W. ; 
Oatway, April, 480. 

Factors causing bronchiectasis: their clinical application 
to diagnosis and treatment (ab.), W. P. Warner, April, 513. 

Fatal bronchopneumonia caused by poisoning with nitrous 
gases (ab.), H. Beining, Jan., 123. 

in pernephroma, Unusual type of agg aoog # ‘ne in, 

P. Pendergrass and P. J. Hodes, Jan., 99. 

Intrathoracic tumors, their diagnosis aa Sikes: S. 
Brown and J. E. McCarthy, May, 574; disc., 581. 

Mineral oil in lung, Roentgenographic changes following in- 
troduction of, with report of three cases, K. S. Davis, 
Feb., 131. 

Pleural effusions, . distribution of, L. G. Rigler 
May, 543; disc., ; 

——— “avin, Treatment of (ab.), L. H. Fales and 

A. Beaudet, May, 650. 

mi te changes associated with en respiratory tract 
abnormalities and diseases (ab.), T. G. Clement, April, 
519. 

er changes in polycythemia vera, I. S. Hirsch, April, 
69. 


Pulmonary silicosis in porcelain workers, Some roentgeno- 
logic observations regarding (ab.), G. Johsson, March, 387. 
Thorax, Some roentgenologic studies of dynamics of (ab.), 
J. W. Pierson, March, 388. 
cancer 

Lung, Primary carcinoma of, D. E. Ehrlich and H. A. 
Hauptman, May, 563; disc., 581. 

Primary carcinoma of lung (ab.), April, 519. 

collapse 
Lobar collapse in children (ab.), G. L. Boyd, April, 519. 
See also Pneumothorax. 
mycosis 
Pulmonary mycotic infections, R. A. Carter, May, 551. 
LYMPH GLANDS 
—* effects of x-radiation, A 1936 survey of, G. L. 
ark, March, 295. 
LYMPHOGRANULOMA 

Hodgkin's disease, Vertebral involvement in: 
cases, R. Rosh, April, 454. 

Hy perplastic blood dyscrasias, Roentgen therapy in: new 
technic for myeloid and lymphatic leukemia, polycythemia 
rubra vera, and Hodgkin’s disease (ab.), H. Langer, 
May, 648. 

Lymphogranulomatosis, Primary isolated, of stomach: 
report of case (ab.), H. N. Comando, Jan., 128. 

Lymphogranulomatosis with roentgen rays, Treatment of 
(ab.), C. H. Flax, Feb., 258. 


report of 3 


MASTOIDS 
Otolaryngology, About value of roentgen examination in 
(ab.), R. Mittermaier, March, 387. 
MEDIASTINUM, tumors 
Intrathoracic tumors, their diagnosis and treatment, S. 
Brown and J. E. McCarthy, May, 574; disc., 581. 
Mediastinal tumors and malignant lymphoma, I. Arons, 
May, 605. 
MEDICINE, practice of 
Practice of medicine in Labrador, Sir Wilfred Grenfell 
(ed.), Feb., 243. 
MEMBRANES, mucous 
Biological effects of x-radiation, A 1936 survey of, G. L. 
Clark, March, 295. 
MENOPAUSE 
Climacteric hemorrhage, Radium therapy of (ab.), J. Mol- 
nar, March, 386. 
Menopausal cases after a of pituitary gland, Study 
of series of, C. G. Collins, L. J. Menville, and E. P. 
Thomas, June, 682; disc., 710. 
U yor — and hemorrhagic metropathy, Radium ther- 
iB: ea. “ee March, 386. 
MERCU RY "POISONI NG 
Mercury bichloride poisoning, Roentgen irradiation of kid- 
neys in cases of (ab.), J. Balazs and W. Czunft, March, 


384. 
METABOLISM, basic 
Leukemia, Influence of roentgen therapy upon basal me- 
tabolism in, W. S. Middleton, O. O. Meyer, and E. A. 
Pohle, May, 586. 
METATARSUS 
Second metatarsal in children, Fracture-like changes of 
(ab.), A. Herzog, Feb., 257. 
MOUTH, cancer 
Adenocarcinoma of oral cavity (ab.), W. 
514. 
Cancers of oral cavity and upper respiratory tracts, Factors 
influencing determination of radiosensitivity of (ab.), 
A. P. Stout, Jan., 121. 
Carcinoma of mouth and hypopharynx, Treatment of (ab.), 
J. Maisin and H. Vassiliadis, March, 380. 
Carcinoma of mouth, Radiation therapy of (ab.), F. Perussia, 
Feb., 255. 
diseases 
Stomatology, Roentgen therapy of inflammatory diseases in 
(ab.), A. Rona, March, 384. 


L. Watson, April, 
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NASOPALATINE DUCT, cysts 
Nasopalatine duct cysts, M. Goodman, Feb., 151. 
NECK 
Emphysema of neck from rupture of trachea: 
case, R. C. Pendergrass, April, 499. 
NEPHRITIS 
~. hritis in dogs by roentgen rays, 
Page, April, 510. 
NERVOUS SYSTEM 
Biological effects of x-radiation, A 1936 survey of, G. L. 
Clark, March, 295. 


vegetative 
eK Treatment of some, by means of roentgen ray, 


H. Stevens, April, 465 (467). 
NEURALGIA 
Analgesic effect of roentgen rays, 
P. v. Meszoly, March, 385. 
NEUROPSYCHIATRY . ; : 
Radiology as valuable aid to neuropsychiatry (ed.), R. C. 
Young, May, 633 
NEVI 


Pigmented moles and their treatment (ab.), 
son and C. A. Simpson, May, 650. 


report of 


Production of (ab.) 


Contribution to (ab.), 


H. F. Ander- 


OBITUARY : 
Bain, W. G., April, 507. 
Clark, William L., Feb., 248. 
a C. A. H., May, 639. 


and, Marion M., Jan., 118. 
OLLIER’ S DISEASE 
Disc. of L. Reynolds, April, 435. : 
OSGOOD-SCHLATTER’S DISEASE. See Tibia, tuberosity. 
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